



Warning: Graphical Content 

May Lead To Excessive Productivity. 


Join the crowds flocking to use the 
number one blockbuster of the decade. 
LabVIEW* - it’s the biggest hit in virtual 
instrumentation. LabVIEW graphical 
programming is proven to increase 
productivity by at least four to 10 times 
over that of traditional languages. Every 
day, thousands of LabVIEW users save 
their companies valuable time and 
money. And, they’re having lots of fun 
developing with LabVIEW. To see what all 
the critics are raving about, call for your 
FREE LabVIEW Productivity Study today 
(popcorn not included). 
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*As shown in T&M World Marketing Insight Study. 1995; Sensors Data Acquisition Survey, 1995; PE&IN Data Acquisition Survey, 1996 
’ 'Telemetry Monitoring and Display Using LabVIEW" Nl User Symposium Paper, George Wells & Ed Baroth, Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, CA 


V NATIONAL 
INSTRUMENTS 

r The Software is the Instrument* 

U.S. Corporate Headquarters 

Tel: (512) 7940100 • Fax: (512) 794-8411 
info@natinst.com • www.natinst.com 


LabVIEW 

Productivity Study 
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Call for your FREE LabVIEW 
Productivity Study today. 

( 800 ) 433-3488 

FREE evaluation software available 


© Copyright 1997 National Instruments Corporation. All rights reserved. Product and company names 
listed are trademarks or trade names of their respective companies. 


Point your Web browser to www.natinst.com to get 
complete schedule of upcoming technical seminars. 


For More Information Write In No. 600 
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LBERT* by Scott Adams 




CN77000 

Series 

*219 


in ha m to report 
that the -excellence 

IN TEAMING" HEAD OUT 
IS NEARLY READY 


IT'S TAKEN FORTY 
PEOPLE FROM A DOZEN 
DEPARTMENTS TO 
COMPLETE THE STUDY. 
U)E FINALLY GOT 
COMPLETE BUY-IN 

) 


Document #1582. OMEGAfax*" Service 


Handheld 
Fiber Optic 
Thermometer 


HHTFO-1 Series 

*3570 


Handheld InfraretTThermometer 
With Optional Laser Sight ^ ^ 


OS520 Series 

*345 


Model OSS20 pictured with 
later sight LS-720. $695 as 


shown 


U S and Int'l Patents and 
Pending Applications 


Enjoy more of 
DiLBERT* and 
his workplace 
witticism... 
request a full 
deck of OMEGA ’S 
late-breaking 
product cards ! 
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or Request Document #1538, 
OMEGAfax*" Service 
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Shown with optional 
HHTFO-1 -TP3-CR Utility 
Handle Probe.$379. 


<t5rc$CL> No. 616 
or Request Document #1575, 
OMEGAfax*" Service 


© COPYRIGHT 1997 OMEGA ENGINEERING. INC AIL RIGHTS RESERVED 
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Temperature 
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Data Acquisition 
pH and Conductivity 
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Design with No Limits. 


CADKEY* 97 


Call Today for a FREE 
Demo CD-ROM! 
1 - 800 - 372-3872 



Using CADKEY 97's powerful 
freeform hybrid modeling 
capabilities , users can design 
in 3D wireframe and convert 
directly to an ACIS solid model . 
This enables users to concept 
a new design in 2D or 3D 
wireframe , solids or surfaces at 
any phase of the design cycle. 


This image shows the left 
front steering knuckle 
attached to the upper 
rocker arm suspension 
control member. These 
parts are CAM milled 
directly from CADKEY 
part files. Image courtesy 
of Shelby American, Inc. 


CADKEY, a PC-based MCAD softwan 
program, was the exclusive CAD 
system used to design the new 
Shelby Series 1 from 

Shelby American, Inc. 


PC-based Freeform 
Hybrid Modeling Technology 
for Freedom of Choice in 


Your Design Work! 

CADKEY 5 97 combines over 1 0 years of proven 3D CAD technology 
with powerful new mechanical enhancements and the introduction 
of ACIS®-based Solid Modeling. Unlike other systems with 
complicated constraint managers, the hybrid modeling capability 
in CADKEY 97 gives designers the freedom to apply the design 
tool of their choice to the job at hand - from wireframe to surface 
to solid modeling - at anytime during the design process. 

CADKEY 97 also offers ACIS SAT file format support for importing 
or exporting solid and surface data to other CAD/CAE/CAM 
applications supporting the ACIS solid modeling kernel. 
CADKEY 97's bi-directional data translators include DXF™, DWG, 
CADI, VRML and IGES. CADKEY 97 also supports the AutoCAD" 
R13 DWG file format. 

Macro support for CADKEY 97 for Windows ™ 

Icons and "hot-keys" can easily be linked to any macro, allowing 
users to rapidly customize CADKEY for optimal productivity. 

Classic DOS interface option 

This option allows users to use a more familiar text interface and 
to access the function keys to create and modify geometry. 


Exclusive Conversion Technology! 

CADKEY 97 remains unique in having the ONLY 
translation utility that converts wireframe designs 
to solid models for design flexibility, reuse of legacy 
wireframe data, mass properties analysis and 
StereoLithography output (STL file) for rapid 
prototyping applications. 


The 

world's first 
and only 
wireframe-to- 
solid model 
converter 


The integrated ACIS-based solids technology in 
CADKEY 97 allows you to : 

• Convert a wireframe to a solid model... the ONLY 
PC-based mechanical CAD system to offer this! 

• Construct solid primitives 

• Use powerful ACIS blending tools 

• Extrude, sweep or revolve geometry 
into a solid 

• Dynamically rotate rendered models 

• Easily edit solid models 



BAYSTATE 

TECH NOLOGIES 


Images of the Shelby Series 1 courtesy of Shelby American, Inc., Las Vegas, NV. 
CADKEY is a registered trademark of Baystate Technologies, Inc. ACIS is a 
registered trademark of Spatial Technology, Inc. Microsoft and Windows are 
trademarks or registered trademarks of Microsoft Corp. AutoCAD is a registered 


33 Boston Post Road West Marlborough , MA 01752 USA 
Tel (508) 229-2020 • Fax (508) 229-2121 • www.cadkey.com 




UOreSTEQUITY 

Brand New 
► TQ Instrument Rack 
System 

Fully Assembled. 

from s l,249 


Big Savings. 



SRS 


Brand New 

► Stanford 
Research Systems 
SR780 

2-Ch., 102 kHz 
FFT Network 
Signal Analyzer 
Only $ 9, 950! 

Save as much as 50% 
over competing models. 

► SRSDS345 
30 MHz 

Function Generator 
*1,595 

► SRS SR630 
16 Channel 
Thermocouple Monitor 
*1,495 

XANTREX 

Brand New 

► Xantrex XFR-Series 
Power Supplies 

1,200 Watts 
s l,350 ea 

► Xantrex XHR-Series 
Power Supplies 
1,000 Watts 
s l,795 

ReNewed™ 

► Hewlett-Packard 

3325A 

Synthesized/F unction 
Generator 

1 |iHz to 21 MHz 

s 2,995 

ReNewed™ 

► Hewlett-Packard 

8591E/10/21 

Spectrum Analyzer 

9kHz to 1.8GHz 

s 14,995 


Get Big Savings on Test Equipment 
from TestEquity. 

Brand New + R0NEW0D Test Equipment 


ReNewed ™ 

► Environmental 
Chambers and Ovens 

Thermotron, Tenney, 
Envirotronics & More 


Tektronix 

/ 

Brand New 
► Tektronix 
Real-Time 
Digital Scopes 

TDS 200 Series 
60 or 100 MHz, 1 Gs/s 
from *995 


Yes, you can save up to 50% on high-quality test equipment; all the top brand 
names, including Hewlett-Packard, Tektronix and Fluke. And now there’s brand 
new TQ Instrument Racks, brand new Xantrex Power supplies and brand new 
test equipment from Stanford Research Systems, all priced up to 50% less than 
competing models! Call or log-on for the catalog that includes the latest arrivals 
and sale priced specials that will solve your test requirements at the best price. 




T0STEQUITY 

1 - 800 - 426-3457 


Local or Inti, call (805) 498-9933 • FAX (805) 498-3733 
Ready to onswer your cal from 6:30 am, Pacific Time, Monday thro Friday 


TestEquity is your authorized stocking 
distributor of Tektronix oscilloscopes. 
1 


http://www.testequity.com 


For More Information Write In No. 548 



For a FREE interactive CD and the location of a reseller near you, 
call 800-693-9000, ext. 304. Or visit our Web site to learn more 
about upcoming SolidWorks seminars . . . 


www. sol id works, com/304 


Results . Our production solid modeling solutions help thousands of customers 
worldwide operate more efficiently with faster time-to-market - from Alcoa in the US 
to Sindo-Ricoh in Asia. With this kind of success, it should come as no suprise that 
SolidWorks experienced the best first year of any CAD company in history, with more 
first year revenue than PTC and Autodesk - combined. 

Why the move to SolidWorks? We provide the highest quality solid modeling and 
mechanical design solutions in the market. Bar none. Our products are consistently 
released on time. They move our customers quickly into production. And offer Windows®- 
native ease-of-use, 100% editability for design flexibility, and productivity gains up to 60%. 
All for only $3,995 (USD)*. 

Experience the power of SolidWorks today. 


•Internationally. SolidWorks is priced locally © Copyright 1997 SolidWorks Corporation. All rights reserved. SolidWorks is a trademark 
of SolidWorks Corporation. All other company and product names are trademarks or registed trademarks of their respective owners. 


For More Information Write In No. 690 
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Features 


18 Mission Accomplished 


Briefs 


24 Special Focus: Video & Imaging 

24 Single-Camera Stereometric Laser 
Ranging System 

26 Enhancing the Ultrasonic C-Scan of a 
Second Interface 

28 Optically Implementing an Algorithm for 
Representing Images 

30 Ultrasonic Instrument Produces Thickness- 
Independent Velocity Images 

32 Software for Operating on Image Data 

34 Apparatus for Advanced Ultrasonic 
C-Scan Imaging 



12 Commercial 

Technology Team 

1 6 NASA Patents 

22 Commercialization 
Opportunities 

38 Special Focus 
Products 

82 New on the Market 

84 New on Disk 
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Electronic Components and 
Circuits 

Magnetic-Bubble Annihilator for Use in 
VBL Memories 

Charge Amplifier/Discriminator With 
Wide Dynamic Range 

Ultra-Low-Resistance Metal Contacts 
on InP 

Sinterless Formation of Contacts on 
Indium Phosphide: Part 2 



Electronic Systems 

Radio Beacon Indicates Direction to 
Receiver 

Powering a Lightweight Airplane With 
Phased Microwave Beams 



53 

55 


Physical Sciences 

The y-p Method of Designing Achromatic 
Lenses 

Variable-Buoyancy Balloons for Tracking 
Tropical Storms 

Evaluating Effects of Weather on Optical 
Communications 

Kinematic Positioning With GPS 
Pseudorange and Carrier Phase 



The Omni-Hand robotic hand module with an 
opposable thumb and interchangeable digits can 
accommodate a variety of tools. Built for NASA for 
space applications such as equipment maintenance, 
the module was designed by Ross-Hime Designs of 
Minneapolis, MN through an SBIR grant For more 
information on the Omni-Hand and other robotic 
joints originally designed for NASA, see Mission 
Accomplished on page 18. 

Photo courtesy of Ross-Hime Designs 
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Can Your FEA Software 

Predict Dynamic Response with Load Stiffening? 



Monitor - s54 

| File Edit View graph Monitor Help 

'msmmMnnm 




We used a guitar to confirm that Algor's Linear Natural Frequency 
Analysis and Accupak/VE Nonlinear Virtual Engineering Software 
accurately predict frequencies and dynamic response 
as a result of load stiffening. 



In an airplane 
or car, 
loads and 
forces - 
and therefore 
natural 
frequencies - 
are constantly 
changing. 


Accupak/VE 
animation 
of string 
dynamic 
response is 
superimposed 
over part of 
the actual 
vibrating 
guitar string. 


Three ways to order Algor's 
CD-ROM which includes the "Guitar 


product information 
Feature Video, plus: 



Name 


Address . 
City 


Country 
Fax 



More video demos of lob tests confirming Algor results ( 

The latest software for you to try • In-depth product info ( 

Case histones • Powerful search capability • Foster occess than 
the Internet • Accuracy verifications • The AJgor Design World 
newsletter • An Internet browser, or use your own • Information 
on Educational books, videos and CD-ROMs 

1 ) Call or e-mail now 

2) Order at Algor’s Web Site: WWWJULCOR.COM 

3) Complete this form and fax to: +1 (412) 967-2781 

Company 


_State/Prov. 


_Zip/Postal Code 


.Telephone 
.E-mail 


♦ RLE OR, 

When th^Engineering 
Has to be Right™ 

Algor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 USA 
Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: (714) 564-0844 
Europe (UK): +44 (1) (784) 442 246 
E-mail: info@algor.com 


For More Information Write In No.532 



Contents continued 



56 

56 


58 

59 


Materials 

Modification of Carbon Fibers for Higher 
Young's Modulus 

Toughened Carbon/Carbon Pistons 

High-Performance Silver-Recovery 
Apparatus 



71 

71 


72 


Mathematics and Information 
Sciences 

Multivariable State-Space Identification in 
Various Operators 

Parallel Multigrid Algorithms and Code 
for Computations of Incompressible Flows 



60 

60 

60 

61 

61 


Computer Programs 

Computing Characteristics of Dual- 
Reflector Antennas 

Software for the Airborne Emission 
Spectrometer 

Software Manages Recorded Data 
Structures 

Software for Analyzing Vibrations of 
Levitated Liquid Drops 

Software for Exciting Vibrations of 
Levitated Liquid Drops 

Automated Monitoring With Learned 
Envelope Functions 



Life Sciences 

Advanced Semicontainerless 
Crystallization of Proteins 

Ring Method for Crystallization 
of Proteins 

Crystallizing Proteins in Thin Wafers 


Special Supplement 


© 


Mechanics 

Characterizing Worst-Case Flutter Margins 
From Flight Data 

Machinery/Automation 

Vacuum Four-Ball Tribometer for Testing 
Liquid Lubricants 

Piezoelectric Flexural-Traveling-Wave 
Pumps 



Laser Tech Briefs 

Follows page 80 in selected editions only. 



Manufacturing/Fabrication 

Simpler Combustion Chamber, Nozzle, 
and Fabrication Process 

VPS Fabrication of Ceramic/Metal Furnace 
Cartridges 


On the cover: 

Real-time video for LCDs and analog CRT 
screens is produced with the VIPer Vision TEK - 
380 video interface module from Teknor 
Industrial Computers of Montreal, Canada. The 
module is one of the new Video & Imaging 
products and technologies described in the 
Special Focus beginning on page 24. 

Photo courtesy of Teknor Industrial Computers 


This document was prepared under the sponsorship of the National Aeronautics and 
Space Administration. Neither Associated Business Publications Co., Ltd. nor the 
United States Government nor any person acting on behalf of the United States 
Government assumes any liability resulting from the use of the information contained 
in this document, or warrants that such use will be free from privately owned rights. 
The U.S. Government does not endorse any commercial product, process, or activity 
identified in this publication. 

Permissions: Authorization to photocopy items for internal or personal use, or the 
internal or personal use of specific clients, is granted by Associated Business 
Publications, provided that the flat fee of $3.00 per copy be paid directly to the 
Copyright Clearance Center (21 Congress Sl, Salem, MA 01970). For those organiza- 
tions that have been granted a photocopy license by CCC, a separate system of payment 
has been arranged. The fee code for users of the Transactional Reporting Service is: 
ISSN 0145-319X194 $3.00+ .00 


NASA Tech Briefs, ISSN 0145-319X, USPS 75(M>70, copyright © 1997 in U.S. is pub- 
lished monthly by Associated Business Publications Co., Ltd., 317 Madison Ave., New 
York, NY 10017-5391. The copyright information does not include the (U.S. rights 
to) individual tech briefs that are supplied by NASA. Editorial, sales, production, 
and circulation offices at 317 Madison Ave., New York, NY 10017-5391. Subscription 
for non-qualificd subscribers in the U.S., Panama Canal Zone, and Puerto Rico. 
$75.00 for 1 year; $125 for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign 
subscriptions one-year U.S. Funds $195.00. Remit by check, draft, postal, express 
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What kind of Computing device do YOU need? 

Are your problems too big for your computer? Are compatible 64-bit 0/S, so it Flies by the UltraSPARC 
you doing more waiting than working? Then you need with 40% better performance. While still running all your 
the newest HAL workstation, the HALstation~385. SPARC/Solaris* applications. 

The 385 is a 64-bit super workstation, powered by Best of all, the 385 is under $20K. And if you book 

the astonishingly fast SPARC*64-!I, and boasting the before March 1st, well throw in a memory upgrade, free . 
highest memory throughput available. Just the thing for Call us at 1-800*425-0329 or drop in on www.hal.com 
solving the toughest engineering and research problems. It’s the computing 

Like all HALstations, the 385 runs our fully Solaris- device you really need, now. 






Hand 


•LACK Of time 


CW7 HAL Computer Sjrstemv HAL end tf»e HAL lego ere regntered tredemerVs jnd HALwjt>c* 300 * e tredemerfc of HAL Computer SyVemv Inc. SPARC. SPARC64 end SPARC 64 /'OS ere tredemeris of SPARC IntrcnetJooeL Inc., 
licensed by SPARC IntemeOonel. lnc_ to HAL Computer Systemv Inc. Fujitsu *4 * tredemert of Fuiftsu. Limited Solans *4 e regrstered tredemoHi of Sun Microsystems. Inc. 


For More Information Write In No.527 



STORE 

COMPUTER SIGNALS 
AT HIGH 
RESOLUTION 

(HDTV STANDARD) 

INTRODUCING . . . 

THE VIDEOLINK HD™ 

Now you can record RADAR, SONAR and other 
tactical displays. The Videolink HD system lets you store 
everything displayed on a high resolution system to HDTV 
videotape. With 1 024 lines of video resolution plus two 
channels of audio, you can capture all the action - every 
moment - every comment - for a definitive record of 
mission critical data. 

Three hours of recording per cassette tape, a small 
physical package and low cost make an unbeatable 
combination. 

The Videolink HD will revolutionize your monitoring and 
archiving. For details, speak with one of our sales 
representatives at (5 1 0) 81 4-7000 or visit us on 
the web at http://www.rgb.com. 

Autosync 
Freeze frame 
Real time operation 
Full color 

Inputs up to 90 kHz 
horizontal scan rate 

View on standard 
multisync monitor 

Training and simulation 
Control room monitoring 
Medical archiving 
Trade show presentations 
Scientific research 

E3EH3 SPECTRUM® 

a visual communications company ‘ 

950 Marina Village Parkway 

Alameda, California 94501 

(5 1 0) 8 1 4-7000 (5 1 0) 8 1 4-7026 FAX 

E-mail: sales@rgb.com 

http:/ / www.rgb.com 
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INTRODUCING 

The DAS-1700 SERIES with 
TestPoint: More Than You Expect 
For Less Than You Expect To Pay 



H ere's a full-featured test and mea- 
surement package that will surprise 
you. Combine our new DAS-1700 Series 
high-performance I/O boards with 
TestPoint software and you have the 
perfect match of performance and 
price. 

DAS-1700 . .these new boards include 
drivers for Windows 3.x, 95 and NT and 
offer 12 or 16-bit resolution and sampling 
speeds up to 160 kHz/second. They're 
ideal for high-speed monitoring and 
high-performance waveform capture 
and output. 


TestPoint" ‘ . . .software supports data 
acquisition from DAS-1700 boards and 
offers easy drag-and-drop analysis and 
display capabilities. Designed for re- 
search and development applications, 
TestPoint is an integrated environment 
with buitt-in math, analysis, statistics and 
graphics functions. It runs under Windows 
so all data can be sent automatically to 
other Windows-based programs. 

Low price .you can get a DAS- 
1 700 board with TestPoint — a complete, 
ready-to-use, test and research package 
— for as low as $1598. 


Act soon — this special pricing is for 
a limited time only . For more information 
and technical specs, please call us: 

TOLL FREE: 800-348-0033 


TestPoint 
offers easy, 
drag-and- 
drop 

application 

development. 



Visit us on line: 

http: // www.rnetTat5vte.com 


KEITH LEY 


METRABYTE 


For More Information Write In No. 620 




NASA 

Commercial 

Technology 

Team 


NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 


NASA’s Technology Sources 

If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Bruce Webbon 
(415) 604-6646 
bwebbon@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
duke@louie.dfrf. 
nasa.gov 


Goddard Space 
Flight Center 

Selected techno- 
logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301) 286-5810 

galcom@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
Microspacecraft; 
Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

Merle McKenzie 
(818)354-2577 
merle. mckenzie® 
ccmail.jpl.nasa.gov 


Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(713) 483-0474 
hdavis@gp101.jsc. 
nasa.gov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Bill Sheehan 
(407) 867-2544 
billsheehan-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6006 
j.s. heyman 
@larc. nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Ann Heyward 
(216) 433-3484 
ann.o.heyward@ 
lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space 
Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 
Harry Craft 
(205) 544-5419 
harry. craft@msfc. 
nasa.gov 


Stennis Space 
Center 

Selected techno- 
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(601) 688-1929 
ksharp@ 
ssc.nasa.gov 


NASA Program Offices 

At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Gene Pawlik 

Small Business 
Innovation Research 
Program (SBIR) 

(202) 358-4661 

gpawlik@oact.hq. 

nasa.gov 

Dr. Robert Norwood 

Office of Space Access 
and Technology (Code X) 

(202)358-2320 
morwood@oact. hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 

(202)358-1417 
phodge@osfms 1 . hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 

(202)358-4711 
g Johnson@aeromail. 
hq.nasa.gov 


Bill Smith 

Office of Space Sciences 
(CodeS) 

(202)358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 


Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 

(202)358-1958 
bhansen@gm. olmsa. 
hq.nasa.gov 


Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 

gpaules@mtpe.hq. 

nasa.gov 


NASA's Business Facilitators 


NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Dr. David Moran 

National Technology 
Transfer Center 

(800) 678-6882 


Ken Dozier 

Far-West Technology 
Transfer Center 

University of Southern 

California 

(213) 743-2353 


Dr. William Gasko 
Center for Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 

Southern Technology 
Applications Center 

University of Florida 
(904) 462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 383-2500 


Chris Cobum 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 
Institute 
(216) 734-0094 


Karen Robbins 
American Technology 
Initiative 

Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 

Johnson Technology 

Commercialization 

Center 

Houston, TX 
(713)335-1250 


John Gee 

Ames Technology 

Commercialization 

Center 

Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain. Earth Analysis Center, (505) 277-3622. 
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542- 
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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Serious data acquisition professionals 
have no time for nostalgia. 



1922 



^oianij “DefepUne 

C. 1 95 o 



u4ddii>q ^Uacltue , _ . _ 

c. 1941 



Acquisition ^oairf 

c. 1984 


No wonder so many of you have switched to one of the 

Data Translation high-performance, low-cost PCI-EZ '' boards. 


Unmatched Price/Performance 

Data Translation PCI-EZ™ data 
acquisition boards for the PCI bus 
provide the best price/ perfor- 
mance available in the market 
today. Unlike ISA-based boards, 
the performance of the PCI-EZ 
boards isn’t limited by the bandwidth 
of the bus. The PCI-EZ boards allow 
simultaneous analog input, analog 
output, and digital I/O operations 
without compromising data integrity 
or adding lots of expensive memory. 



New Technology vs. Old 

Because PCI is the bus of the 
future, you are protecting your 
data acquisition investment 
by selecting one of our PCI-EZ 
boards. Like many other tech- 
nologies, ISA is quickly becoming 
obsolete and inadequate in meeting 
the needs of today’s data acquisition 
professionals. Don’t settle for 
yesterdays technology'. Meet your 
needs of tomorrow with PCI-EZ 

Protect your Software Investment 


In addition, the tremendous performance of our family 
of PCI-based products is offered at the same price as 
an ISA-based board. The result is that Data Translation 
boards are, by far, the best value in the industry. 


DT-Open Layers® provides a set of open standards for 
developing software under Windows® 3.1, 95, and NT. 
Now you can change your operating system or DT board 
without rewriting your data acquisition program. 


Solution Partners Program 

Through our expanding Solution Partners Program, 
Data Translation provides an extensive range of 
compatible third party applications software. Now, 
pur data aquisition needs are conveniently met by 
one company— Data Translation! 

So call us today, and discover for yourself why PCI-EZ 
is such a great find! 

1 - 800 - 525-8528 

INTERNET: http://www.datx.com 
E MAIL inMdatx.com 


DATA TRANSLATION 



World Headquarters: (508) 481-3700. UK Headquarters: 0118 979 3838. Germany Headquarters: (07142) 95 31-0 

Data Translation and DT-Open Layers are registered trademarics of Data Translation. Inc. PCI-EZ is a trademark of Data Translation. Inc. Windows is a registered trademark of Microsoft Corporation. 


For More Information Write In No.575 
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EAI’s Jeff Spencer 


ON AN HP WORKSTATION. 

What’s your vision? 


You’ve got ideas. But do you have the 
tools to visualize them? You do with 
HP Technical Computing Systems. The 
leading price-performance HP UNIX®- 
and Windows* NT- based workstations 
and scalable supercomputers give 
you powerful graphics capabilities and 
real-time data analysis. So in addition 
to running world-class applications 
quickly and collaborating instantly with 
colleagues, you can make your vision 
a reality. Please call 1-888-844-6547 
or visit www.hp.com/go/technical 

Image country of Engineering Animation. Inc landscape photo country of 
National Space Science Data Canter UNIX is a registered trademark m the US and 
other countries, licensed esclushrely through X/Open Company ltd Windows is 
a U S registered trademark of Microsoft Corp CI997 Hewlett-Packard Company 
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Active DAQ 
Over the 
Internet 



ComponentWorks" 

With ComponentWorks and 
ActiveX controls, you can 
build active, instrumentation- 
based web pages to run your 
data acquisition experiments 
over the Internet. 

ActiveX Controls for 
Virtual Instrumentation 

• Graphs • Knobs 

• Meters • Gauges 

• DAQ controls • Analysis 

Worldwide 

Instrumentation"' 

• Download experiments 
developed in ActiveX and 
VB-script 

• Run Internet Explorer or 
Netscape Navigator 

• Visit www.natinst.com/cworks 
for free examples 

Call (800) 433-3488 
today for the u Building 
Internet-Enabled 
Virtual Instruments ” 
paper and a FREE set of 
evaluation controls 



y 


NATIONAL 

INSTRUMENTS 

The Software is the I ns tru men r 


U.S. Corporate Headquarters 

Tel: (512) 7940100 • Fax: (512) 7946411 
info@Yiatinst.oorn • vwAv.nadnst.com 
Wcrtfcvrte networ* of drect offices and (Jstrtxjttxs. 



Kt.TENTS 

Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area 
of technology. The agency has a portfolio of 3000 patents and pending applications available now 
for license by businesses and individuals, including these recently patented inventions: 


Controlling Flexible Robot 
Arms Using High Speed 
Dynamics Process 

(U.S. Patent No. 5,546,508) 

Inventors: Abhinandan Jain 
and Guillermo Rodriguez, 

Jet Propulsion Laboratory 

Controlling robot manipulator arms is 
a familiar problem addressed in many 
publications. The present invention is a 
method and apparatus for controlling 
robot arms having flexible links using a 
high-speed recursive dynamics algorithm 
to solve for the acceleration of link defor- 
mation and hinge rotations from speci- 
fied body forces applied to the links. The 
invention uses spatial operators to devel- 
op new spatially recursive dynamics algo- 
rithms for flexible multibody systems. In 
one embodiment, the controller oper- 
ates by comparing the computed accel- 
erations to desired manipulator motion 
to determine a motion discrepancy, and 
correcting the specified body forces so as 
to reduce the discrepancy. 

For More Information Write In No. 771 

Analysis of Supercritical- 
Extracted Chelated 
Metal Ions from Mixed 
Organic-Inorganic Samples 

(U.S. Patent No. 5,56 1.066) 

Inventor: Mahadeva P. Sinha, 

Goddard Space Flight Center 

Mass spectrometry (MS) or gas chro- 
matography-mass spectrometry (GC-MS) 
is widely used in the laboratory and the 
field for the analysis of the organic con- 
tent of environmental samples. But it has 
not been used to detect and quantify 
metals or metal ions in these samples 
because of the problem of extracting and 
presenting them to the MS in vapor 
form. The new process adds an oxidizing 
agent to the sample to form metal ions, 
which are then converted to chelate com- 
plexes. These are brought into a vapor 
form by supercritical fluid extraction. 
Thus MS can be used in on-site analysis 
of environmental samples for both metal 
and organic content, enabling detection 
and quantification of metals in samples 
without extensive preparation or a sepa- 
rate instrument. The cost savings are said 
to be substantial. 

For More Information Write In No. 772 


Displaceable Spur Gear 
Torque Controlled Driver 
and Method 

(U.S Patent No.5.572.905) 

Inventor: Joseph S. Cook Jr., 

Lyndon B. Johnson Space Center 

When tightening fasteners, such as 
nuts, screws, or the like, it is often desir- 
able to apply a selectively limited or con- 
trolled torque to one or more, since 
overtorquing can cause fastener failure 
and component damage. The improved 
apparatus's driver housing has two gear 
shafts with parallel axes of rotation, each 
with teeth mounted around the circum- 
ference. The second gear is carried by a 
support member that is displaceable in a 
lateral direction from the first shaft axis, 
and that can be biased into meshing 
engagement with the first to apply 
torque. Some of the teeth, however, are 
angled to produce a separating force in 
response to the engagement between the 
gears. Torque is transferred until the sep- 
arating force overcomes the bias, sepa- 
rating the two gears and ending torque 
transfer to the fasteners. 

For More Information Write In No. 773 

Long Life Na/NiCI 2 Cells 

(U.S. Patent No. 5,573,873) 

Inventors: Ratnakumar V. Bugga, 
Subbarao Surampudi, and Gerald 
Halpert, Jet Propulsion Laboratory 

A new class of sodium rechargeable 
batteries based on transition metal chlo- 
rides as positive electrodes has emerged 
in the last decade. Both Na/FeCl 2 and 
Na/NiCl 2 systems have demonstrated 
excellent performance in small and 
large cells and in batteries. But agglom- 
eration of the electrode particles, caus- 
ing premature cycle-life failure, is a 
problem with NiCl 2 . Addition of sulfur 
alleviates this problem almost complete- 
ly, but it is aggressive to the cell compo- 
nents, causing corrosion. But addition 
of a minor amount, such as 10 percent 
by weight, of a transition metal such as 
iron, cobalt, or manganese prevents 
agglomeration and maintains the elec- 
trode’s morphology and its electro- 
chemical area. The additives do not 
affect sintering. Addition of sulfur to 
the liquid catholyte is expected to fur- 
ther reduce agglomeration. 

For More Information Write In No. 774 
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New release! 


matlak 5 


The Language of 
Technical Computing 


New features include: 

• Data structures and types, including multidimensional arrays 
and user-definable objects 

• Programming environment with visual debugging, interactive 
performance optimization, and online references 



New editor/ debugger simplifies 
MATLAB code development 
for analysis, algorithm design, 
and system prototyping. 


• Interactive graphical interface (GUI) layout and development 

• Fast, accurate advanced visualization and 3-D modeling 

• Visual interfaces for Signal Processing and Control System 
Toolboxes and a new release of SIMULINK* 


Available Now! 



MATLAB lets you model 
complex data graphically. 

Here, lighting effects highlight 
topography data. Source : NOAA. 


Call 508-647-7000 

To find out more about MATLAB 5, SlMUUNK 2, and the new toolbox updates, 
call now and request KP167 to receive your free edition of MATLAB 5 News & Notes. 

http:// www.mathworks.com/ntb 

For more information on our OEM/VAR program, visit our Web site at 
http://www.mathwodcs.com/oem, or call us at 508-647-7253. 

The Math Works, Inc. • 24 Prime Pori Way, Natick, MA 01760-1500 USA • let (508) 647-7000 • fox: (508) 647-7101 • e-mail: info^rnalfworkicom • http //www mathworks tom 

Employment opportunities: http7/www.motfn(wrki • MATLAB in Education: hftp7/erkxation,mathworks (om 

The MalhWorte s represented in: Australia: - 61-2-9922-6311 • Benelux: * 31-0182-53-7644 • Brazil: * 55-11-816-3144 • Czech Republic: «• 42-2-68-44-174 . France: + 01-33-41-14-67-14 • Germany/Austria: ♦ 49-241470750 
India: + 91-80^549338 • Israel: ♦ 972-3-561-5151 * Italy: -39-11-24-85-332 • Japan: - 81-3-5978-5410 • Korea: - 82-2-556-1257 • New Zealand: - 64-7-830-9102 • Poland: - 48-12-17-3348 • Scandinavia: - 46-8-15-30-22 
Singapore/Maiaysia: * 6S8424222 • South Africa: + 27-1 1403-2695 • Spain/Portugal: - 34^9)34154984 • Switzerland: - 41-31 -882-0288 • Taiwan: - 886-2-501-8787 • United Kingdom: * 44-1223423-200 

O 1997 by The Math Works, Inc. All Rights Reserved. MATLAB and SlMUUNK are registered trademarks of The Math Works. Inc. Other products or brand names are trademarks or registered trademarks of their respective holders 
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New GUIs in Signal Processing 
Toolbox 4.0 make signal analysis 
faster and easier. 


For More Information Write In No.660 
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T he word “robot” often conjures up 
images of the human-like machines 
seen in science fiction films. But, in 
fact, real-world robots and 
robotics often are more re- 
markable in their capabili- 
ties than their fictitious 
counterparts. With funding 
through NASA’s Small Bus- 
iness Innovation Research 
(SBIR) program, Ross-Hime 
Designs of Minneapolis, MN, 
has developed and commer- 
cialized a number of real- 
world robotic joints, as well 
as a humanoid robot that 
incorporates human motion 
and dexterity. 

Incorporated in 1987 by 
Mark Rosheim, the company 
researches and develops new 
motion technology for appli- 
cations in automation and 
robotics. Some of Ross-Hime 
Designs’ major customers 
include Lockheed Martin, 
the Department of Defense, 
the Department of Energy, 
and NASA. In January 1987, 
the company received its first 
Phase I SBIR grant from 
NASA’s Langley Research 
Center to design a computer- 
controlled, dexterous, com- 
pact telerobot wrist module 
for space station mainte- 
nance and space exploration. 

The result was the Omni- 
Wrist, the first mechanical 
wrist to solve the problem 
of singularity - the inability 
to make certain motions within the 
work envelope. The wrist provides 180° 
of motion, and forces to 250 foot- 
pounds. 

Following a Phase II grant in July 
1988, the Omni-Wrist was commercial- 
ized by Graco Robotics, which sold more 
than 100 of the modules for uses such as 
spray painting and sealant application. 
Ross-Hime Designs now markets the 
product exclusively. 

The Omni-Wrist has been purchased 
by NASA’s Jet Propulsion Laboratory 
(JPL) for its Hazbot robot project and by 
Carnegie Mellon University for its joint 


Shuttle Orbiter Tessalator project with 
NASA’s Kennedy Space Center. Kennedy 
has used the Omni-Wrist to spray sealant 


for space robotic applications such as 
equipment maintenance and space 
exploration, which require a robotic de- 
vice with dexterity equiva- 
lent to that of an astronaut’s 
fingers and wrist. The hand 
module features interchange- 
able digits, as well as an op- 
posable thumb that allows 
the hand to accommodate 
tools. It has its own integral 
wrist with pitch, yaw, and 
roll, and is powered by 
miniature electric linear 
actuators called Minnacs, 
which function like human 
muscles. 


The Robotic Surrogate - originally designed for NASA's Johnson Space Center 
- has a range of motion similar to that of a human's upper torso. 


The Future is Now 

Ross-Hime Designs took a 
big step into the future 
when it designed the Ro- 
botic Surrogate for NASA’s 
Johnson Space Center 
(JSC) through Phase I and 
II SBIR grants awarded in 
December 1993 and Janu- 
ary 1995, respectively. The 
anthrobot, which possesses 
the range of motion associ- 
ated with the upper torso of 
the human body, was de- 
signed for space station 
maintenance, interplane- 
tary exploration, and to 
construct astronaut base 
camps on Mars in anticipa- 

(continued on page 20) 


on the space shuttle tiles, and 
it is being further adapted for 
microsurgery applications by 
JPL. MicroDexterity, a Costa 
Mesa, CA-based company, is 
using the wrist module for use 
in microsurgery and other 
medical applications. 

NASA’s Marshall Space 
Flight Center awarded Ross- 
Hime a Phase I SBIR grant in 
January 1988 and a Phase II 
grant in November 1989 for 
the design of a robotic hand. 
The Omni-Hand was designed 


Omni-Hand was designed for space applications requiring 
the dexterity of an astronaut's fingers and wrist The project 
was the result of an SBIR grant through NASA's Marshall 
Space Flight Center 
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Backup 64 GB An Hour To The 
Strongest Tape Ever Made 



Plug Compatible 
With 

Alliant 
Alpha Micro 
Altos 
Amdahl 
Apollo 
Arix 
AT&T 
Basic-4 
Bull 

Concurrent 
Convergent 
Data General 
Digital 

Gould/Encore 

Harris 

Honeywell 

HP 

IBM PC/Compatible 
IBM Midrange/Mainframe 
ICL 

Intergraph 

Macintosh 

McDonnell Douglas 
Motorola 
NCR 
NeXT 
Novell 
Pertec 
Prime 
Pyramid 
Sequent 

Silicon Graphics 
Stratus 
Sun 

Texas Instruments 
Unisys 
Ultimate 
Wang 

Windows NT 

I 


Let's face it, your backup is only as good as your tape. And all the performance 
in the world won't get your data back if your tape is weak or dirty. Fortunately, 
there's no need to compromise. The CY-8000 is the safest, the most 
reliable, and the fastest 8mm tape drive on the market. " | 

The CY-8000 uses Advanced Metal Evaporated media, a 

Compact in size, 

1 00% cobalt, 2-layer tape that features a diamond-like coating for 
exceptional durability. And it's the only 8mm drive with a built-in head cleaner 
to keep the tape path free of contaminants, further ensuring data integrity and 
virtually eliminating the time and expense associated with cleaning kits. 

In addition to superior design, the CY-8000 offers unbeatable performance. Able 
to store 25 GB at 3 MBS. uncompressed, you can achieve up to 125 GB at 9 MBS 
with optional data compression. With 257% more capacity and 500% 
greater speed* than industry standard 8mm drives, the CY-8000 can 
backup faster to fewer tapes. 

For maximum flexibility, our exclusive Advanced SCSI 
Processor option provides five recording modes — striping, 
mirroring, cascade, independent, and offline copy/verify. So you can 
easily make duplicate tapes for off-site storage or data exchange, build fault 
tolerance, or simply maximize performance to accomplish bigger backups in 
less time. With the Advanced SCSI Processor, you've got a complete data 
storage management tool. 

Available in a single or multi-drive desktop, rack mount, or library 
configuration, the CY-8000 is scalable to 15.75 terabytes. If you need to 
ensure the safety of your company's critical data, don't trust anything less. 



The superior design of the 
AMt tope makes it suitable 
for 20.000 passes 


Automate access 
touptostx 
dates and 
126 tapes with 
our intelligent 
tape library 


Uncompressed ; CY-8000 performance advantages 
are even more impressive with data compression. 


( 757 ) 833-9000 

’NETICS 


1 1 1 Cybernetics Way • Yorktown, VA 23693 • Fax (757) 833-9300 


For More Information Write In No.562 
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(continued) 
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tion of a manned mission. The “robotic carpenter” is a sur- 
rogate to human astronauts, eliminating the dangers of 
extra-vehicular space exploration. 

The Robodc Surrogate is a 43-axis electrically powered 
humanoid robot that incorporates both the Omni-Wrist in its 
shoulder rotator cuff, and a second-generation Omni-Hand 
for its hands and wrists. The robot’s human-like flexibility 
comes from operating shoulder blades, spine, and fingers. It 
is constructed primarily of aircraft-grade aluminum; the 
spine and shoulders are made of titanium and the shoulder 
joints are stainless steel. 

A Robotic Surrogate recently was sold to the Korean 
Institute of Science and Technology (KIST) for use in re- 
search and development. The robot has potential commer- 
cial applications as a replacement for humans in hazardous 
environments such as nuclear and chemical facilities, muni- 
tions disposal areas, hazardous waste removal, under water, 
and other applications in which repetitious tasks require 
complex motion from a single robotic body. 

For more information , contact Mark Rosheim , president , Ross- 
Hime Designs , 1313 5th Street SE, Minneapolis , MN 55414; Tel: 
612-379-3808 ; Fax: 612-379-3875; E-mail: mrosheim@visi.com. 



An SBIR grant awarded by NASA Langley in 1987 funded Ross-Hime Designs' 
Omni-Wrist, which was commercialized in 1988. 



If someone tells you they have a scan converter that matches 
our quality (the highest available ), our features (the most 
available ), and our price ($14,900 suggested list price).,. 


No one has our quality for our price. 
mm ::: I Quite simply, we give you the best 

v ■ scan converter on the market 

That’s why we’re the choice of the networks, broadcast, and post-production 
professionals when they need to convert any high-resolution computer or 
imaging source to broadcast-quality video output. 

TUe 9700X1 Broadcast Quality, Autosync, Video Scan Converter 

• Dynamic Pan and Zoom 

• RS-232 Remote Control (Win 95 Driver Included) 

• Multiple Flicker Elimination Filters 

• Optional Dl Serial Digital Output (CCIR 601) 

• Conversion to all major video formats 

(RGB, NTSC, PAL S-Video (YIC), Betacam. true 315 KHz , and serial Dl) 

Call for a free demo today.. .Seeing is believing! 


526 East Bkhwell Street 
Folsom, CA 95630 
916.983.1500 
Fax: 916.983.7236 
Email: sales@folsom.com 
www.folsom.com 
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with Solid EC 



This year, more than 100,000 mechanical design professionals will move 
from 2D to 3D CAD. With Solid Edge™, you can be among the first to reap the 
benefits of 3D solid modeling design techniques. 

3D solids from 2D CAD drawings 
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Single-Camera Stereometric 
Laser Ranging System 

This system needs no expensive high- 
speed computers. Measurement of dis- 
tances to nearby objects in real time 
would be sufficiently accurate for many 
robodc applications. 

(See page 24.) 


Ultrasonic Instrument Produces 
Thickness-Independent 
Velocity Images 

A new imaging subsystem incorporat- 
ed into a conventional ultrasonic C-scan 
apparatus improves the inspection of 
materials for flaws and imperfections. 
Designed originally for the inspection of 
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advanced ceramic materials, the unit 
could be used for nondestructive evalua- 
tion of other materials. 

(See page 30.) 


Magnetic-Bubble Annihilator for 
Use in VBL Memories 

An improvement in a new class of 
high-density magnetic-storage devices 
features an enlarged electrically conduc- 
tive loop. The enlarged loop increases 
tolerance to misalignment of the mag- 
netic blade. 

(See page 42.) 

Variable-Buoyancy Balloons for 
Tracking Tropical Storms 

Charged with helium and a phase- 
change fluid, this type of radiosonde 
dual balloon maintains approximately 
constant altitude as it is drawn into a 
storm. The balloon can monitor the 
storm at sea and over land much longer 
than conventional radiosonde balloons. 
(See page 52.) 


Toughened Carbon/ 

Carbon Pistons 

A three-dimensional carbon/carbon 
would be toughened with metal or plas- 
tic in its pores. The material would thus 
be better capable of withstanding the 
stresses in internal combustion engines 
than the present pistons with carbon 
fibers oriented in two dimensions. 

(See page 58.) 


High-Performance 
Silver-Recovery Apparatus 

Developers of photographic and radi- 
ographic films may recover more than 
99.9 percent of silver from wastes gener- 
ated in film processing. The resulting 
effluent is deemed safe enough for 
sewage-treatment plants. 

(See page 59.) 


Piezoelectric Flexural- 
Traveling-Wave Pumps 

These miniature pumps can be useful 
in such applications as injecting small 
controlled amounts of liquid medications 
and in sampling and vacuum pumping 
for miniature scientific instruments. 

(See page 66.) 
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/t\ Special Focus: 
Video & Imaging 


9 Single-Camera Stereometric Laser Ranging System 

Distances could be measured and computed quickly, with relatively simple equipment. 

Lyndon B. Johnson Space Center, Houston, Texas 
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Camera-Platform Control 


Video 


Video Frame 
Grabber 


Computer — 


Robot Command 


Video 


Position and 
Orientation 


Sensors 


Helmet-Mounted 
Display System 



Position and Orientation Data 

Figure 1. The Single-Camera Stereometric Laser Ranging System could be part of a telerobotic sys- 
tem. The ranging system would measure distances to nearby objects along the optical axis of the 
camera. The measurements would provide guidance for controlling the robot. 
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Figure 2. The Distance (z) From the Camera to the Object would be measured by a straightforward 
stereometric technique. 


A proposed laser ranging system 
would provide measurements of dis- 
tances to nearby objects in real time, 
with accuracy sufficient for many 
robotic, telerobotic, and teleoperation 
applications. In comparison with 
other ranging systems developed for 
the same purpose and based on vari- 
ous optical, radio, and acoustic mea- 
surement principles, this system would 
offer the advantage of relative simplic- 
ity of hardware and software. In partic- 
ular, the data-processing aspects of this 
system would involve relatively simple 
algorithms that could be implemented 
with the requisite speed without hav- 
ing to resort to expensive high-speed 
computers. 

Figure 1 illustrates the ranging system 
and ancillary equipment in a telerobot- 
ic scenario. The ranging system would 
include a low-power eye-safe laser (e.g., 
a 1-mW laser diode) mounted on a cam- 
era platform at a fixed baseline dis- 
tance, by to the side of a video camera. 
In the simplest example of alignment, 
the camera and the laser would be 
aimed along parallel lines. The video 
image would be projected to an opera- 
tor through a helmet-mounted display 
system. The camera and laser would be 
positioned and aimed toward an object 
of interest by turning the camera plat- 
form under remote control, in imita- 
tion of movement of the operator’s 
head as measured by position and ori- 
entation sensors in the helmet. 

Ranging in this system would be based 
on stereometry (see Figure 2). That is, 
the distance to a point on the object of 
interest illuminated by the laser beam 
would be computed from a stereoscopic 
disparity. In this case, the stereoscopic 
disparity would be the distance x, on the 
focal plane of the video camera, 
between the central pixel (coinciding 
with the optical axis of the camera) and 
the image of the laser-illuminated spot 
on the object. Then from the basic geo- 
metric principle of stereometry, the dis- 
tance, z, from the camera to the illumi- 
nated spot on the object would be 
approximated by z = jb/Xy where /is the 
focal length of the camera. 


The sequence of functions in rang- 
ing would be as follows: First, a frame 
grabber would acquire an image of the 
object without laser illumination and 
send the image data to a computer. 


Shortly thereafter, the laser would be 
turned on and the frame grabber 
would acquire an image of the object, 
including the laser-illuminated spot 
and send the image data to the com- 
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puter. The computer would effectively 
subtract the first image from the sec- 
ond image to obtain a difference image 
that would contain only the laser-illu- 
minated spot on the object. The com- 
puter would then calculate the cen- 
troid of the laser-illuminated spot. 
Then setting x equal to the distance 


between this centroid and the pixel on 
the optical axis (at the center of the 
image frame), the computer would cal- 
culate z from the equation shown 
above. 

This work was done by Larry Li and 
Dennis L. Wells o/Johnson Space Center 
and Brian Cox of Lockheed Engineering and 


Sciences Co. For further information , write in 
56 on the TSP Request Card. 

This invention is owned by NASA , and a 
patent application has been filed. Inquiries con- 
cerning nonexclusive or exclusive license for its 
commercial development should be addressed to 
the Patent Counsel, fohnson Space Center; 
(713) 483-4871. Refer to MSC-22549. 


@ Enhancing the Ultrasonic C-Scan of a Second Interface 

A signal-processing algorithm corrects for the effect of the first interface. 

Goddard Space Flight Center, Greenbelt , Maryland 


Figure 1 illustrates schematically an 
ultrasonic pulse/echo inspection system 
that yields C-scan images of flaws in two 
interfaces at different depths in a lami- 
nated specimen. The system corrects for 
the effect of flaws in the first interface, 
which could otherwise mask or distort the 
image of flaw's in the second interface. 

The masking or distortion arises 
because a flaw in the first interface alters 
the probing ultrasonic signal on its way 
to the second interface. Thus, if a flaw in 
the second interface lies behind (that is, 
at the same x,y position as that of) a flaw 
in the first interface, then this second 
flaw is insonified by the altered probing 
ultrasonic signal, and the resulting ultra- 
sonic image is altered accordingly. 

The present system processes the 
ultrasonic signals to separate the ultra- 
sonic echoes from the two interfaces 
and applies a correction algorithm, 
which is based on the following two 
equations derived from the fundamen- 
tal equations of transmission and reflec- 
tion of ultrasonic pulses: 

A/(x, y) = C,/? 12 (x, y) and 
An(x, y) = 

Q^2s(*» y) “ C$A?(x, y)R&(x, y); 

where Afx,y) and Aifx,y) denote the 
position-dependent amplitudes of the 
ultrasonic signals returned from the first 
and second interfaces, respectively; 
Ri 2 (x,y) and R#(x,y) denote the position- 
dependent ultrasonic reflection coeffi- 
cients of the first and second interfaces, 
respectively; and C,, Q, and G$ are con- 
stants. Afx,y) and An(x,y) are measured 
ultrasonic parameters. R\ 2 (x,y) and 
R&(x,y) are the interface properties that 
one seeks. Q, Q, and Q are derived from 
combined transmission coefficients, 
attenuation coefficients, thicknesses, and 
other material parameters. 

The system gates the ultrasonic return 
signals by round-trip travel times to sep- 


arate the returns from the first and sec- 
ond interfaces, then peak-detects the 
gated returns to measure the ampli- 
tudes At(x y y) and Ajfx.y). The correction 
algorithm then computes normalized 


versions of these amplitudes and, in the 
case of Au(x,y), applies a correction in 
the form of an approximation 

Aii(x, y) = A, 2 (x, y) A n (x, y) 



z 



Figure 1. This Ultrasonic Pulse/Echo System produces a C-scan of a laminated specimen. When 
the specimen contains two interfaces, it produces independent C-scans of the first and second 
interfaces. 
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Thus, the output of the system is a nor- 
malized amplitude proportional to 
R u (x,y) and a normalized, corrected 
amplitude approximately proportional 
to kn(x,y). 

In an experiment to demonstrate fea- 
sibility, the system was used to scan a 
specimen that contained two defects in 
the first interface and two defects in the 
second interface, positioned so that 
one of the defects in the first interface 
partly shadowed a defect in the second 
interface. As shown in Figure 2, pro- 
cessing in the system by use of the cor- 
rection algorithm recovered the shad- 
owed portion of the image of the sec- 
ond interface. 

This work xoas done by E. James Chem of 

Goddard Space Flight Center. For fur- 
ther information , write in 37 on the TSP 
Request Card. 

GSC-13792 


• • 




Conventional C-Scan 
Ultrasonic Image of 
First Interface 


Raw (Conventional) 
C-Scan Ultrasonic 
Image of Second 
Interface 


Processed Image of 
Second Interface 


Figure 2. Processing of the Raw Scan from the second interface of a demonstration specimen illus- 
trates the ability of the correction algorithm to filter out the effect of an overlying defect in the 
first interface. 


® Optically Implementing an Algorithm for Representing Images 

The matching-pursuit algorithm has been adapted to image-analysis applications. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A prototype optoelectronic appara- 
tus has been developed to implement 
an improved scheme for the analysis 
and representation of images. The 
scheme is based on an adaptation of an 
algorithm, called the “matching-pur- 
suit” algorithm, that was originally for- 
mulated for use in analyzing sound and 
other time-varying signals. A system 


that implements this scheme automati- 
cally and rapidly decomposes a two- 
dimensional image into a linear combi- 
nation of elemental images from a dic- 
tionary of such images. Thus, the 
scheme offers potential utility for analy- 
sis of images and compression of image 
data. Moreover, the elemental images 
could be patterns that the system is 


required to recognize, so that the 
scheme offers potential utility for 
industrial and military' applications that 
involve robotic vision and/or automat- 
ic recognition of targets. 

The original version of the matching- 
pursuit algorithm expresses a sound or 
other signal as a linear combination (a 
finite series) of unit-norm elemental 


Laser 

Beam 


Electron-Beam Array of Holographic Wavelet Filters Array of Spatially Multiplexed 



This Apparatus Optically Performs the most computation-intensive operations of the adapted matching-pursuit algorithm as applied to representa- 
tion of images. 
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waveforms from a highly redundant dic- 
tionary of waveforms. The elemental 
waveforms and their coefficients in the 
series are chosen in decreasing order of 
correlation with the signal, where corre- 
lations are expressed in terms of inner- 
product integrals and each successive 
term in the series is applied to only the 
residue left after the approximation 
formed by the preceding terms. Thus, 
the matching-pursuit algorithm is a 
greedy algorithm, and each successive 
term in the series is less significant than 
is the one preceding it. 

Unlike sound waveforms, which are 
functions of time and have zero means, 
image data are positive distributions of 
light intensity in two dimensions, and it 
is desired to classify them in terms of 
known images rather than known wave- 
forms. These considerations must be 
taken into account in adapting the 
matching-pursuit algorithm to the 
image-representation problem. Ac- 
cordingly, the elemental functions cho- 
sen for inclusion in the dictionary are 
two-dimensional brightness-distribution 
functions (that is, elemental images) 
that are sufficiently similar to targets 
that one seeks to recognize and suffi- 
ciently dissimilar to decoys or other 
extraneous objects that one seeks to 
ignore. Similarity and dissimilarity are 
quantified, for these purposes, in terms 
of correlations or inner-product inte- 
grals over the image area. The dictio- 
nary should include all elemental 
images of interest, including a represen- 
tative selection of translated, rotated, 
magnified, and minified versions of the 
elemental images that could be encoun- 
tered in practice. 


The matching-pursuit algorithm as 
adapted to representation of an image 
requires iterative performance of three 
basic operations: (1) two-dimensional 
adaptive wavelet transforms that repre- 
sent the elemental images; (2) peak 
detection for those transforms; and 
(3) subtraction, from the input image, 
of intensity-modulated versions of the 
elemental images. An optical or opto- 
electronic image-processing system like 
the prototype apparatus can perform 
all three operations in much less 
time than would be needed to perform 
the same operations on a digital elec- 
tronic computer. 

The prototype apparatus (see figure) 
includes a spatial light modulator, elec- 
tron-beam replication optics, a Fourier- 
transform lens, an array of holographic 
wavelet filters, an array of inverse- 
Fourier-transform lenslets, and an array 
of interconnected integrated-circuit 
chips, each of which contains a two- 
dimensional array of photodetectors 
and associated peak-detection circuitry. 
In order to identify the wavelet that 
would produce the maximum wavelet- 
transform peak against the input 
image, it is necessary to conduct an 
exhaustive search. 

First, all wavelet elements in the dic- 
tionary are arranged in a two-dimen- 
sional array of Fourier holograms that 
constitutes the array of holographic 
wavelet filters mentioned above. 
Multiple replicas of the input image — 
one for each filter — are formed by use 
of electron-beam optics. The Fourier 
transform of each replica is formed in 
the corresponding filter. A two-dimen- 
sional array of lenslets inverse-Fourier- 


transforms the outputs from the filters, 
producing the corresponding wavelet 
transforms on the corresponding pho- 
todetector/ peak-detector circuits. The 
output of each such circuit yields data 
on the locations of all pixels with inten- 
sities above a threshold level. The out- 
puts of all of these circuits are moni- 
tored simultaneously. The threshold 
level is increased until the brightest of 
the peaks found by the photodetectors 
is identified. This peak value and loca- 
tion of this peak and the identity of the 
corresponding wavelet are recorded for 
use in subsequent operations. 

The brightness of the elemental 
image associated with the identified 
wavelet is then multiplied by this peak 
value (this is the intensity modulation 
mentioned above), recentered at the 
identified location, and subtracted from 
the input image. The remaining image 
(residue) is then fed back as the input 
image for the next iteration. The itera- 
tions continue until the energy in the 
residue falls to zero or exhibits a ten- 
dency to increase or oscillate with fur- 
ther iteration. 

Some preliminary optical experi- 
ments have demonstrated that the sys- 
tem operates substantially as expected. 
In addition, the adapted matching-pur- 
suit algorithm has been verified through 
computational simulation. 

This work was done by Tien-Hsin Chao 
and Brian K. Lau of Caltech and William J. 
Miceli of the Office of Naval Research for 
NASA’s Jet Propulsion Laboratory. For 
further information , write in 27 on the TSP 
Request Card. 

NPO- 19471 


# Ultrasonic Instrument Produces 

Thickness-Independent Velocity Images 

Thickness effects can be eliminated, yielding images indicative of properties of materials. 


Lewis Research Center, Cleveland, Ohio 

A weakness of conventional C-scan 
imaging regarding both peak ampli- 
tude and time-of-flight modes is that 
gray or color scale variations in images 
for back-surface reflections indicate 
part-thickness variations, as well as 
microstructural variations, unless the 
part is uniformly thick. A single trans- 
ducer ultrasonic imaging method based 
on ultrasonic velocity measurement is 
described here that eliminates the 
effect of plate-thickness variation in the 
image, i.e., the method is thickness- 


independent. The method thus isolates 
ultrasonic variations due to material 
microstructure. 

The present imaging subsystem is 
incorporated into a conventional ultra- 
sonic C-scan apparatus with a single 
ultrasonic transducer and a computer 
with conventional ultrasonic-signal-pro- 
cessing software plus special software to 
implement the subsystem computa- 
tions. The apparatus is set up for 
pulse/echo measurements of the veloc- 
ity of sound in a tank of water. The 


transducer is mounted in the water on a 
scanning mechanism above the speci- 
men. Below the specimen is a plate for 
reflecting ultrasound. At each scan posi- 
tion, the ultrasonic echoes from the sur- 
faces of the specimen and the plate are 
analyzed to determine the speed of 
sound in the specimen material. 

The subsystem is expected to find use 
in numerous applications in which 
there is a need for nondestructive 
detection of flaws in structural parts 
and nondestructive evaluation of spa- 
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The Best Selling Satellite Analysis Software. 

Now on Your PC. 



Satellite Tool KH 


These graphics reflect a scenario 
from the Iridium satellite project . 
Clockwise, from top left: STKs 

Browser Window, Orbit Panel, 2D 1 

I 

display, and 3D display. 


Satellite Tool Kit and STK's 
Visualization Option are now available 
on PC platforms. These software 
tools, the most powerful in satellite 
mission analysis, can now be 
deployed at low cost throughout 
mission planning and operations. 


The entire suite of STK software offers an 
intuitive graphical interface, extraordinary 
flexibility and the proven benefit of remarkable 
productivity gains. STK/VO, the world's leading 3D, 
real-time, satellite animation module, brings the analyst's 
intuitive power to visualize events to the Windows environment. 
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660 American Avenue • King of Prussia, PA 19406 
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Call for a FREE DEMO 1-800-220-4785 


For More Information Write In No. 652 





Time of Right, ms 


Speed of Sound, km/s 




TIME-OF-FLIGHT IMAGE VELOCITY IMAGE GENERATED BY SUBSYSTEM 

• Variation of Thickness Revealed • Effect of Thickness Eliminated 

• Variation of Density Not Revealed • Variation of Density Revealed 


Gradients of Density are indicated in the velocity image generated by the subsystem described in the text, whereas only the variation of thickness is 
depicted in the time-of-flight image. 


daily varying properties of materials. In 
the case of advanced ceramic materials 
undergoing development in the aero- 
space and automotive industries, gradi- 
ents of density, porosity and chemical 
composition are properties that are of 
particular interest and that affect the 
speed of sound. The data generated by 
the ultrasonic apparatus equipped with 
this subsystem quantify such gradients 
about 10 times better than do the data 
generated by the same apparatus operat- 
ing in the traditional peak-echo-ampli- 
tude or relative-echo-time (time-of- 
flight) mode. 

The figure illustrates the superior 
capability of this subsystem for reveal- 
ing gradients of density in a specimen 


of a ceramic material that is under con- 
sideration to replace metal parts in 
automobiles. The specimen is 0.3 mm 
thicker at the top of the figure than at 
the bottom, and varies smoothly from 
top to bottom. The specimen contains 
distinct regions of low (95 percent of 
theoretical), average (98 percent of 
theoretical), and high (100 percent of 
theoretical) density. The image in the 
left part of the figure was generated in 
an ultrasonic C-scan in a conventional 
time-of-flight mode; this image indi- 
cates the variation in thickness from 
top to bottom, but gives no indication 
of the variation in density. The image in 
the right part of the figure, generated 
by scanning the specimen while using 


the present subsystem, clearly reveals 
the variation in density, without the 
effect of thickness. 

This work was done by Don J. Roth of 
Lewis Research Center, Mike F. Whalen 
and J. Lynne Hendricks of Sonix, Inc., and 
John H. Hemann and James R Bodis of 
Cleveland State University. For further infor- 
mation, write in 64 on the TSP Request 
Card. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Lewis Research Center, Commercial 
Technology Office, Attn: James Martz, Mail 
Stop 7-3, 21000 Brookpark Road, 

Cleveland, Ohio 44135. Refer to LEW- 
16257. 


Software for Operating on Image Data 

NASA's Jet Propulsion Laboratory, Pasadena , California 


The Imageclass computer software 
simplifies the development of image- 
processing applications by providing a 
uniform programmer’s interface via an 
object-oriented class library. Written in 
the C++ programming language, 
Imageclass is designed to provide a 


high-level interface to image objects so 
that application programmers can effi- 
ciently implement complex image-pro- 
cessing operations without worrying 
about the low-level details. Most avail- 
able image-processing libraries focus on 
computer graphics applications and are 


limited to a set of commercial industry 
file formats. Imageclass is oriented 
toward the scientific uses of images. 
Therefore, it is designed to provide a 
uniform interface for images that use 
science data types and science data for- 
mats such as CIPE, VICAR, and FITS. 
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Cole-Parmer® 

Instrument Company 

Serving the Research & 
Technical communities worldwide 

When you order from Cole-Parmer 
you receive quality products along 
with complete Sales, Applications, 
and Customer Satisfaction 
service. ... and much more! 

We now offer extended hours, a 
NEW Web site, and enhanced 
Applications Service. 

The Cole-Parmer catalog gives you 
a selection of more than 32,000 
products for Research, Industry, 
and Education. . . 

■ ... and it's FREE! 




A/e cater to your original equipment manufacturer (OEM) requirements by offering 
:ustom design and private label on many of our products. Call (800) 323-4340, 
extension 9-6092 for more information on our OEM services. 


Fax this coupon to us at (847) 549-7676 to receive 
your FREE 1997-1998 Cole-Parmer Catalog! 

Name: 

Title/Mail Stop: 

Company: 

Address: 
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State:. 


Zip: 
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Fax: 
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The Cole-Parmer catalog also 
serves as a convenient resource — 
it includes technical information, 
conversion tables, and chemical 
resistance charts. 

Here's how to receive your FREE 
1997-1998 Cole-Parmer catalog: 

I Fax back the coupon 
at left 

I Or call our literature hotline 
at (800) 443-3434 
I Or e-mail us at 
catalog@coleparmer.com 
I Or visit our 
NEW Web site at 
http:/ /www.coleparmer.com 

For More Information Write In No. 604 
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The library consists of a genus of image 
subclasses, each of which handles a dif- 
ferent pixel type, such as char, int, float, 
and the like. For each image subclass, 
member functions are provided for the 
essential image operations, such as cre- 
ation, reading/writing to/from a file dis- 
play through a spawned process, and ele- 
ment access. In addition a wealth of 
other basic operations, mathematical fil- 


ters, statistical analysis, data type conver- 
sion, flipping, transposition, zooming, 
insertion, and subsetting are provided. 
The file I/O (input/output) interface 
supports reading from and writing to 
image files of several popular file for- 
mats used in the NASA community, 
including CIPE, FITS, VICAR, and raw 
data format. Imageclass can easily be 
extended to accommodate other file for- 


mats. With the Imageclass library, image- 
processing applications can be devel- 
oped in a faster, cheaper, and better 
manner. 

This work was done by Ansel Teng, Hillel 
S. Rom , Richard J. Weidner and Meemong 
Lee of Caltech for NASA's Jet Propulsion 
Laboratory. For further information , unite 
in 51 on the TSP Request Card. 

NPO- 19888 


@ Apparatus for Advanced Ultrasonic C-Scan Imaging 

C-scan plots indicate both amplitude and depth. 

Goddard Space Right Center, Greenbelt, Maryland 


Figure 1 schematically illustrates a 
computer-controlled ultrasonic C-scan 
instrumentation system that incorpo- 
rates recent advances in hardware and 
software for better characterization of 
specimens. In some respects, this system 
operates like a typical ultrasonic C-scan 
apparatus of older design. The innova- 
tive aspects of this system lie in the spe- 
cific combination of signal- and data- 
processing functions to obtain plots 
containing two types of data that char- 
acterize defects in specimens. 


Like some other systems, this system 
includes an ultrasonic transducer that is 
scanned along in a horizontal (x,y) 
plane parallel to the top surface of a 
nominally flat plate specimen, which is 
typically laminated. As in other systems, 
the ultrasonic transducer is connected 
to an electronic pulser/ receiver, a dual 
timing gate, a peak detector, and a uni- 
versal timer. At each position x,y along 
the scan, the computer estimates the 
depth of any defect or other feature 
that reflects ultrasound, using the 


known or assumed speed of sound and 
the measured round-trip travel time 
(also called “time of flight, ” or “TOF," 
for short) of the ultrasonic signal 
between the top surface of the speci- 
men and the defect. The peak detector 
operates with a time gate chosen so that 
its output indicates the amplitude of 
the signal reflected from the defect or 
other feature at x,y. 

Some older ultrasonic C-scan systems 
generate similar data on depth and ampli- 
tude as functions of x and y, but they lack 



EXCELLENCE IN ANALYTICAL IMAGING SOFTWARE 


“Counting and sizing 100 
pinwindows, for example, 
would take about 5 
minutes. . ..With Image- 
Pro, we acquire the same 
data within 15 seconds.” 

Dean Neuberger, R&D Engineer, Sheldahl, Inc. 

‘ ‘We use Image-Pro to quantify and qualify pinwindows (small Whether you analyze materials, quantify’ biological samples, eval- 

areas deficient in copper) . Image-Pro has the capability to see these note fingerprints, or any other application where you need to 
pinwindows, count, and measure them. With a particular intensity acquire and analyze images. Image-Pro Plus uill deliver reliable, 
range (a.k.a threshold) used on a grey-scale capture to see bright repeatable results on the hardware of your choice at a price/perfor- 

areas, we have been able to characterize our material for pinwin- mance breakthrough. Use die HI selling sofiuare from the leader 

dows and use that information for R&D and quality purposes.” m imaging tecbnobgy - Your colleagues are! Call Today. 
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Only Bentley’s comprehensive mechanical engineering 
products do it all in a single system. 

* •/ MicroStation Modeler*: Provides all of the 

Here's where it Jill eomes together. Now you can design, document information you need for design and manufacturing, 

and share your ideas all within a fully integrated environment. including assembly management and simulation. 


Bentley has assembled a complete offering of mechanical 
engineering products. Products that cover every aspect of 
mechanical engineering design, streamlining every step of your 
workflow. Bentley’s Single Engineering Model helps you move 
through the product cycle from conceptual design to 
manufacturing, through simulation, analysis, preproduction, 
engineering and manufacturing. When you make changes to your 
design, all components — including documentation — are updated 
automatically, virtually eliminating errors and omissions. 

The Bentley Engineering Back Office " range of products unites 
desktop engineering systems with enterprise IT and database 
systems for information sharing via the Internet. Best of all, our 
products are scalable to meet the demands of your projects — 
bringing together best-in-class applications into a single, 
powerful solution. 


MicroStation* MaatcrPiecc”: An intuitive 
visualization tool for advanced rendering and 
mechanism simulations. 

MicroStation TcamMatc '* 96: A robust workflow 
and document management product. 

COSMOS/M* DESIGNER II: For fully integrated 
structural analysis using state-of-the-art FFE* 

(Fast Finite Element) analysis technology. 

ADAMSVMS Mechanisms: For assembly simulation, 
evaluation of motion paths and calculation of joint 
forces. 

ESPRFI7MS~: An integrated range of sheet metal 
design and manufacturing products. 

MoldDcsign 1 ": An innovative product for designing 
mold bases for the injection mold industry. 


Go from concept to finid design with Bentley. Call 
1-800-BENTLEY for a free demo CD or visit www.bendey.eom. 


Engineering the future together 


610-458-5000 • 800-BENTLEY • FAX: 610-458-1060 • www.bentley.com 

MicroSwtion and MicroStation Modeler are registered trademarks; Engineering Back Office. Masterpiece, TcamMatc. Mold Design, Bentley and the "B" BenUey 
logo are trademarks of Bentkv Systems. Incorporated. COSMOS/M and FFE arc registered trademarks of Structural Research & Analysis Corp. ESPRIT/MS is a 
trademark of DP Technology Corp. ADAMS is a registered trademark of Mechanical Dynamics. Inc. © 1997 Bentley Systems, Incorporated 
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Control 

Input/Output 




Figure 1. This Instrumentation System performs an ultrasonic C-scan of a plate specimen. 


High Resolution 
875-line Recording 
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Improved Horizontal Resolution 

Merlin Scan Converter Systems translate 875-line video to 525-line 
format for standard, low-cost video equipment. The difference be- 
tween 875-line and 525-line rate recording 
provides a better image by improving hori- 
zontal resolution. Available in 120VAC and 
in 120VAC and 28VDC configurations. 


Merlin 

MERLIN ENGINEERING WORKS 

1888 Embarcadero Rd, Palo Alto, CA 94303 Phone(415) 856-0900 



the means to correlate the depth and amplitude data automatical- 
ly and are limited to presenting depth and amplitude data on sep- 
arate plots. The software of the present system includes a program 
that processes the x,y scanning-position data and the associated 
depth and amplitude data into a single three-dimensional-appear- 
ing plot that shows both depth and amplitude as functions of xand 
y. Figure 2 shows an example of such a plot, wherein the vertical 
(z) axis represents depth, and a gray scale indicates amplitude. 
Alternatively, false color could be used to indicate amplitude. 

This work was done by Engmin James Chem and David Warren 
Butler of Goddard Space Flight Center. For further information , 
write in 53 on the TSP Request Card. 

This invention is owned by NASA , and a patent application has 
been filed. Inquiries concerning nonexclusive or exclusive license for its 
commercial development should be addressed to the Patent Counsel 
Goddard Space Right Center; (301) 286-7351. Refer to GSC-13524. 
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Figure 2. This Plot Presents Ultrasonic C-Scan Data from a specimen that 
contained six disk-shaped defects at various depths with features to 
reflect ultrasound with differing amplitudes. 
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They All Lead To 


'/MALKRON 


High Performance Integei 

Calculations 

• 3 x 3 convolution 

... 6.6 msec 

• Dilation / Erosion 

... 1 .2 msec 

• Add, subtract, threshold .. 2.4 msec 

• Median filter 

... 11 msec 

• Sobel / Robert's filter .... 

... 6.0 msec 

• Histogram 

... 3.3 msec 



High Performance Floating Point Calculations 


8 SHARC 1 DCFFT (1 K) 0.072 msec 


8 SHARC 2 DCFFT H K x IK) 138 msec 


8 SHARC CONV3 (512x512) 9 msec 


Alacron provides the optimal processing 
power for all your computing needs. 
Alacron's FT-C80 supplies 2 Giga Fixed 
Point OPs, while the FT-SHARC supplies 
up to 3 Giga Floating Point OPs per slot!! 

The FT-SHARC and FT-C80 support 
Alacron's family of digital and analog 
framegrabbers, and Alacron's high resolution 
video output modules. 


////// ■MACRON 

71 Spitbrook Road, Nashua, NH 03060 FAX: (603) 891-2745 


Web: http://www.alacron.com 
EMAIL: sales@alacron.com 
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Video & Imaging 


The SuperView 2000 multi- 
video windowing system from 
RGB Spectrum, Alameda, 
CA, adds multiple live video 
images to any computer dis- 
play of 2K x 2K resolution. It 
displays from two to ten video 
signals on one screen; each 
window can be positioned, 
scaled, overlaid with comput- 
er graphics, and overlapped 
with other video windows. 
Video input signals may be 
NTSC, PAL, or S-Video, and 
the display screen may be any monitor up to 2048 x 2048 pixel 
resolution. 

The system is an external standalone peripheral that can be used 
with any computer system. It supports software control to manipulate 
the windows, adjust video parameters, and control graphics overlays 
via the RS-232 port. 


FLIR Systems, Portland, OR, 
has introduced the Tracer™ 
thermal imaging system to 
record and analyze long ther- 
mal event sequences at real- 
time frame rates to 60 Hz on 
a Windows™-compatible PC. 
Designed for R&D, process 
control, and other applica- 
tions requiring thermal activ- 
ity monitoring over time, the 
system consists of a Prism DS thermal imaging camera, a Pentium® 
PC, a digital video recording system, and Windows-based analysis 
software. 

The system can record 5+ minutes of thermal activity at a 60-Hz 
frame rate with 12-bit pixels, capturing 9.3 Gb of data per second. 
The system can measure temperature of objects from -10°C to 2000°C 
with an accuracy of ±2 percent or 2°C. It stores the captured digital 
thermal data without using data compression, ensuring the integrity 
of the data captured. 
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Teknor Industrial Com- 
puters, Montreal, Quebec, 
Canada, has introduced 
the VIPer Vision TEK-380 
video interface module, 
which produces real-time 
video for LCDs and ana- 
log CRT screens while 
occupying no bandwidth 
at the system bus level. 
The board can be embed- 
ded into a variety of indus- 
trial environments. 

It has inputs for up to six composite or three S-Video signals; 
NTSC, PAL, and SECAM operation; CCIR or square pixel digitizing; 
and a variety of digital video features for color control, sizing and 
positioning, cropping, and image file storage. The unit comes with 
one BNC connector for composite video, one 4-pin mini-DIN for S 
Video input, and one 14-pin header for multiple inputs. Single-unit 
cost is $395. 


OPTIMAS 6.1 im- 
age analysis soft- 
ware from Optimas 
Corp., Bothell, WA, 
is a Windows-based 
interface that pro- 
vides image analy- 
sis functions and 
is compatible with 
industry standards 
and components. 
Operating with 
Windows NT and 
Windows 95, it supports 32-bit NT hardware drivers for a range 
of new PCI-bus frame grabbers, as well as older 16-bit image cap- 
ture devices. 

The OPTIMAS Wizard feature guides users through interactive 
examples of image acquisition and enhancement, feature identifi- 
cation, measurement extraction, and macro automation. 
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Nikon, Melville, NY, has 
introduced the Veritas™ 
VM-500 video measuring 
system, which allows mea- 
surement of extremely large 
parts with an increased stage 
size. The system consists of a 
Nikon measuring micro- 
scope with computer-con- 
trolled zoom of 10:1; a 20" x 
21" x 6" stage; an integral 
CCD camera; measuring 
software, which provides real-time video display, graphical pan view, 
CNC stage motion with field-of view 7 measuring capability; a digi- 
tal read-out; and a video monitor. 

The system offers DC servo motor control for positioning of the 
stage, which moves at 200 mm per second. The illumination system 
features up to six channels of computer-controlled fiber-optic illumi- 
nation, allowing dark objects to be measured with vertical, contour, 
and/or oblique illumination. 


The Encore™ digital 
video camera from Olym- 
pus America, Industrial 
Products Group, Mel- 
ville, NY, records action 
that takes place too 
quickly to be captured by 
the human eye or by 
standard video systems. 
It digitally stores the 
recorded images and 
plays them back in variable-speed slow motion. Designed for motion 
analysis of high-speed machinery and equipment, the system can 
troubleshoot and prevent or predict maintenance. 

The cameras are available with recording rates of 250, 500, 1,000, 
and 2,000 frames per second, in full-color or black-and-white dis- 
play. They feature high frame storage capacities and are construct- 
ed with a urethane outer shell that resists scratches. 
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All/ 

Speed 



powerful, responsive, incredi- 


bly fast. Clearly, the full family 
of Kodak Motion Analyzers leaves 
everything else far behind. 

So whatever your application — solving a high 
speed production line glitch, tesdng airbags, product 
R&D, you name it — the possibilities are unlimited. 

Kodak Motion Analyzers come souped-up with 
your favorite features. Or ruggedized for tough, 


hard-driving environments. 
Even compact to get you in 
and out of tight spaces. You can 
capture a single frame or reach speeds of over 40,000 
frames per second. Plus you get stop-on-a-dime instant 
replay and ample memory for long record times. 

Call 619-535-2908 or e-mail us today for more infor- 
mation. Then go as fast as you like. Wherever the road 
leads you. 


800-462-4307, ext. 9006 • umnv.masdkodak.com • e-mail: masdkodak@aol.com 

KODAK 

EASTMAN KODAK COMPANY, MOTION ANALYSIS SYSTEMS DIVISION 
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Video & Imaging 


Coreco, St. Laurent, Quebec, 
Canada, offers the Oculus-F/64™- 
PCI image acquisition and process- 
ing boards for implementing high- 
speed, high-resolution, computa- 
tionally intensive image processing 
algorithms. The series consists of 
four dedicated processors: the 
TMS320C40 DSP, a programmable 
processor that performs multiple 
operations per clock cycle; a system controller to accelerate imaging 
and graphics applications; and a histogram processor and the IP- 
Engine, which combine for real-time arithmetic operations in indus- 
trial inspection and quantitative image analysis applications. 

The F/64-PCI offers frame-grabbing from any source and is com- 
patible with camera types such as single- and dual-tap line scan and 
area scan, and high-frame rate and high-resolution digital cameras. It 
features a 40-MHz acquisition, 250 MOPS, and an internal 80 
Mb/second communications bus to transfer images between dedi- 
cated on-board processors. 

For More Information Write In No. 750 


Xerox Engineering Systems, Roch- 
ester, NY, has announced the 8830 
A- to E-size digital engineering 
printer, which provides mid-vol- 
ume printing in engineering, 
technical, or CAD environments. 
It can be connected to virtually 
any PC or network and prints 
from a variety of software, includ- 
ing AutoCAD, Pro/Engineer, and 
most Windows-based applications. 
Users can construct jobs from one 
or more files, set print options, and print data files directly from desk- 
top computers using the system’s Documentation Submission Tool. 
The print queue can be viewed from the desktop using a Printer 
Manager Tool, which also can be used for remote access to the print- 
er. The system provides printing speeds up to 3" per second, 400 dpi 
resolution, single-pixel reproduction, a 33-step half-toned gray scale, 
and the ability to produce multiple prints and sets of engineering 
documents. 


The Cryocam Series II slow- 
scan chilled CCD camera 
from Micro Luminetics, Los An- 
geles, CA, was designed for 
low-light imaging in scientific 
applications. It supports large- 
format scientific CCDs with 
resolutions to 2048 x 2048 
pixels and features low noise 
circuitry for high sensitivity. 
An 8-bit mode provides focus- 
ing at 400,000 pixels/second. 
Readout rates to 200,000 pix- 
els/second at 12 or 16 bits are 
provided. 

The camera includes a built-in shutter, quartz window, variable 
offset and multiple gain settings prior to the digitizer, CCD tempera- 
ture control, sub-windowing, antiblooming, on-chip binning, and 
external syncs. Camera-control and image processing software is 
included. 
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The DT3153 MACH color 
PCI frame grabber from 
Data Translation, Marlboro, 
MA, features integrated digi- 
tal I/O and genlocking func- 
tionality. It has horizontal, 
vertical, and pixel outputs, 
enabling genlocking of mul- 
tiple cameras from a single 
source, allowing users to 
switch instantly between cameras without loss of vertical sync. The 
PCI Bus Master board can transfer images in real time to system mem- 
ory without intervention from the CPU. 

The board uses Microsoft’s DirectDraw standard to display non- 
destructive overlays on live video, allowing users to place graphic 
images on top of live video without affecting image throughput. Up 
to three NTSC/PAL composite inputs or one Y/C (S-Video) input 
and two NTSC/PAL inputs can be connected. Decoded color data 
can be saved in 32-bit RGB format or in 16-bit YUV format. 
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Matrox Imaging Products 
Group, Dorval, Quebec, 
Canada, has introduced 
the Intellicam 2.0 32-bit 
camera interface software 
for Windows NT and 95. 
The program comes with 
pre-built digitizer configu- 
ration format files for 
many popular cameras, 
describing the video sig- 
nal’s characteristics. The 
file communicates the video specs to the digitizer and initializes the 
hardware. Users can fine-tune parameters such as video timing, pixel 
clock, bit depth, and synchronization to match a specific camera. 

Images can be grabbed and stored in a TIFF file format without 
writing code. A built-in command line interpreter feature allows a 
user to experiment with MIL/MIL-Lite commands without recompil- 
ing each time a change is made. 


Silicon Mountain Design, 
Colorado Springs, CO, has 
announced the SMD-1M60X 
and SMD-4M15X digital cam- 
eras for use in X-ray imaging 
applications in the medical 
and industrial fields. They 
offer 12-bit dynamic range 
and on-chip charge binning 
to increase optical sensitivity 
in low-light imaging condi- 
tions. Remotely controlled 
2 x 2, 4 x 4, and 8x8 binning 
capabilities provide on-chip gain enhancement of up to 64:1 without 
the need for external image intensifier tubes. 

The 1M60X features 1024 x 1024 resolution at 60 FPS; the 4M15X 
features 2048 x 2048 resolution at 15 FPS. Both models utilize CCD 
sensors designed for high-frame-rate, low-noise operation. 
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Let Microway build your next Graphics Workstation 
Personal Supercomputer or Server using... 




Cray Performance 
at a PC Price! 




500 MHz 


Since 1982 Microway has provided the PC world 
f \ u with the fastest numeric devices and software available. 

No product in the last 1 5 years has excited us more than 
the 500 MH: Alpha Screamer. With its ability to execute 
2 billion operations per second, the Screamer is the best 
choice for your next workstation or server! In addition to NT, 
the Screamer runs Digital UNIX, Open VMS and Linux. 


This means you can run many of your VAX and MOTIF applications on 
the same hardware that runs Microsoft Excel or Word, Oracle, Adobe 
Photoshop; plus engineering and graphics applications such as Pro/ 
Engineer, Microstation, AutoCAD, Softimage and Lightwave. ^ 
Plus, Digital’s FX!32 makes it possible to run 32-bit WIN95 
and NT applications on the Alpha. Over the last 1 5 
years we have designed systems for thousands of 
satisfied customers including many prestigious insti- 
tutions. Our technicians are expert at configuring the four 
Alpha operating systems we support. 


System Performance 
Microway understands the importance of 
balancing fast CPUs with equally fast 
caches, memory and peripherals. Microway’s 
exclusive 2MB SRAM 
cache, fed by a 288-bit 
wide memory system, 
boosts performance by 
up to 30%. Its 64-bit 
PCI bus is driven by a 
state-of-the-art Digital 
chip set that feeds 32- 
and 64-bit PCI sockets. 

To take advantage of these resources, 
Microway installs the best graphics and hard 
disk controllers available, including control- 
lers appropriate for 2 and 3D Graphics 
Workstations and RAID powered Servers. 


w° 


Numeric Performance 
Microway produces one of the finest nu- 
meric optimized compilers - NDP Fortran. Since 
1986, hundreds of applications have been ported to the 
X86 with it, including industry standards like MATLAB and 
ASPEN. Our latest RISC scheduler has a number of features 
that take advantage of the Alpha’s quad- issue capability. Run- 
ning on a 500 MHz 21164 that bursts at 1 gigaflop, a dot 
product kernel we use for compiler testing runs at a mind- 
boggling 940 megaflops! ! ! 

For a complete description of the 
optimization facilities provided by 
NDP Fortran or C, our Screamer Sys- 
tems and motherboard pricing call 
508-746-7341 or visit our WEB Site 
at: http://www.microway.com. 






Microway 


Digital. Alpha. Open VMS and Digital UNIX TM Digital. 

NT. Excel and Word TM Microsoft. 
Screamer. NDP Fortran and Microway TM Microway. 

Technology You Can Count On 


Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
www.microway.com, info@microway.com • France 33 146229988 • Germany 49 6997650001 • India 91 806637770 
Italy 39 27490749 • Japan 81 64593113 • Korea 82 25981623 • Poland 48 22487172 • United Kingdom 44 1815415466 
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O Electronic Components 
and Circuits 


O Magnetic-Bubble Annihilator for Use in VBL Memories 

Enlarged loop increases tolerance to misalignment of the magnetic bubble. 

NASA's Jet Propulsion Laboratory , Pasadena , California 


Vertical-Bloch-Line (VBL) memories 
are a new class of high-density magnet- 
ic-storage devices in which the informa- 
tion is represented by magnetic struc- 
tures (VBLs) in the domain walls, 
rather than by the domains themselves 
as in magnetic-bubble memories. 
Writing and reading of VBLs in long 
stripe domains is achieved by interac- 
tion of the stripe heads with bubbles of 
input/output (I/O) lines. Because the 
VBLs are propagated along the stripe 
walls by an external field, the bubbles 
must be propagated by local fields, e.g., 
created by meandering current loops. 
Although this "current access" mode 
had long been proposed for bubble 
memories, details for bubble nucleation 
and annihilation by current loops had 
not been worked out. This article 
describes a substantial improvement of 
an earlier bubble annihilator for cur- 
rent access technology. 

An improved design for a magnetic 
bubble annihilator in a magnetic mem- 
ory device features an enlargement (rel- 
ative to a previous design) of an electri- 
cally conductive loop. This enlargement 
increases the electrical current needed 
to annihilate a magnetic bubble, but 
also increases tolerance to misalign- 
ment of the bubble and increases toler- 
ance to variation in the amplitude and 
duration of the annihilating current 
pulse. 

In general, a magnetic memory 
device of the type in question (see fig- 
ure) includes a magnetic garnet film 
with its "easy" direction of magnetiza- 
tion perpendicular to the surface. A 
magnetic bubble is a round cylindrical 
domain, wherein the direction of mag- 
netization is opposite the direction of 
magnetization in the surrounding area 
of the garnet film. Magnetic bubbles 
are confined within a bubble track, 
which is a groove in the garnet film. A 
metal-film loop connected to metal- 
film strip conductors is laid across the 
bubble track for use in annihilating 
bubbles; this is the loop mentioned 
above. The device also includes a 
meandering strip of metal film laid 
along the track; this strip is part of a 


structure that propagates magnetic 
bubbles along the track. 

A loop of the previous design was 
made with an opening of minimum 
width in the hope of generating a 
strong local magnetic field that w T ould 
reverse the magnetization of a bubble. 
The magnetic flux density produced by 
the pulse of current in the loop was 
maximum at the center of the loop. 


The current needed to annihilate a per- 
fectly or nearly perfectly centered mag- 
netic bubble was estimated to be about 
44 mA. However, it was observed that 
when a bubble was not well centered in 
the loop, either the bubble was pushed 
away from the loop instead of annihilat- 
ed, or else it was necessary to use a very 
large and very short current pulse to 
achieve annihilation. 
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Current in 
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123456789 10 
Distance From Center, pm 

MAGNETIC-FLUX DISTRIBUTION IN 
PREVIOUS (MINIMUM-WIDTH-LOOP) 
MAGNETIC-BUBBLE ANNIHILATOR 


0123456789 10 
Distance From Center, pm 

MAGNETIC-FLUX DISTRIBUTION IN 
IMPROVED (WIDE LOOP) 
MAGNETIC-BUBBLE ANNIHILATOR 


The Loop in the Improved Magnetic Bubble Annihilator is 5 times as wide as it was in the 

prior version; the resulting distribution of magnetic flux density is more favorable to retention of 
a magnetic bubble in the loop. 
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Take the boom out of your box with 
AMP EMI noise reduction technology. 



QUIETSHIELD gaskets and laminates provide total 
design creativity. 


Come to AMP for quiet solutions. Our decades of advancing interconnection 
and signal conditioning technology give us a uniquely effective perspective on 
reducing EMI. 

The best time to control noise is before it starts. Our simulation capability 
helps eliminate EMI early, before board fabrication. 

Our QuietBoard coating can eliminate Ming emissions certification, without 
multilayer ground planes. And it saves up to 25% over other board-level fixes. 

In filtered connectors, we have the industry’s widest range, ferrite to distrib- 
uted element, and most respected core technology. Our QuietLine drop-in, 
replacement filtered connectors and shielded cable assemblies fit almost anywhere 
there’s EMI. 

QUIETSHIELD profile and I/O gaskets provide high shielding effectiveness, 
accommodate irregular surfaces and reduce costs, with more flexibility than 
traditional shielding. 

At AMP, we solve EMI problems 
while providing design flexibility, peak 
system performance, reduced time to 
market, and increased productivity. 

So go ahead. 1\im up the volume. 

AMP ud QUIETSHIELD an trademarks 


Connecting 

Higher 

level.' 


Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated. 

Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. On the Internet: http://www.amp.com 
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In a loop of improved design with the 
wider opening, the magnetic flux densi- 
ty reaches a maximum at a distance of a 
few microns from the center, with a shal- 
low local minimum at the center. This 
shallow local minimum in the magnetic 
field helps to hold the magnetic bubble 
in the loop w r hen the average magnetic 
field is raised by increasing the current. 


This design is consistent with state-of- 
the-art track widths of 4 to 5 pm, bub- 
ble diameters of 2 to 3 pm, and bubble 
misalignments of the order of 1 pm. As 
long as the magnetic bubble lies 
entirely within the loop, it can be anni- 
hilated by a current of about 80 mA. 
The optimum size of the loop is deter- 
mined in conjunction with the require- 


ment that the next bubble in line not 
be pushed away by the magnetic field 
outside the loop. 

This work was done by Udo Lieneweg ; 
George N. Patterson , and David Opalsky of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory’. For further information , write in 
80 on the TSP Request Card. NPO-19716 


O Charge Amplifier/Discriminator With Wide Dynamic Range 

Output includes two logarithmic bar graphs. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The figure shows the major function- 
al blocks and some of the circuitry of a 
charge amplifier/discriminator that 
accepts, as input, the output of any of a 
variety of electron, photon, and ion 
detectors operating in the pulse-count- 
ing mode at rates up to 500 kHz. This 
instrument generates a 20-segment 
logarithmic-bar-graph display of the 
threshold level and of each input pulse 
that exceeds a threshold charge-detec- 
tion level. Calibrated charge-detection 
thresholds can be adjusted within the 
range of 8.8 x 10‘ 15 to 3.2 x 10" 10 
Coulombs, (5.5 x 10 4 to 2 x 10 9 elec- 
trons); this amounts to a dynamic range 
of about 91 dB. 

Each pulse of charge arriving at the 
input terminal is stored in the total in- 
put capacitance, C tota \ = C test + C in + (when 
switched in)C D . The durations of the 
pulses are much shorter than the char- 
acteristic times of the input circuitry 
and the following pulse-shaping circuit- 
ry, so that a given pulse can be regarded 
as an impulse of infinitesimal duration 
and total charge q\ thus, the voltage 
across the total input capacitance im- 
mediately after the arrival of the pulse 
is v in = q/ C tota i. For calibration (instead 
of discriminating unknown input 
charge q), pulses of calibrated charge 
Qcai = C lnl Tpeak are obtained from the 
negative transitions of a square wave of 
peak-to-peak voltage applied to the 
test input terminal. 

The input voltage is fed to a pulse- 
shaping amplifier which produces a 
semisinusoidal (positive half) output 
voltage pulse proportional to the input 
charge, with full width at half maximum 
(FWHM) of 1 ps. The switch labeled 
“--10” can be closed to connect C D to 
increase the input capacitance by a fac- 
tor of 10, thus dividing the input volt- 
age and extending the dynamic range 
of the instrument by this factor. To 
maintain the FWHM of 1 ps, shunt resis- 
tor Ro is switched in along with C D . The 
pulse-shaping circuit is followed by an 


amplifier stage that can be set to a gain 
of either 1 or 10, thus enabling further 
extension of the dynamic range. 

The novelty of the design lies in a 
high-speed, half-wave, peak-detector 
circuit (denoted “rectifier and pulse 
stretcher” in the figure) configured in 
two stages with time constants of 100 ps 
and 100 ms, respectively. The first stage 
must drive a 0.01-pF output capacitor to 
at least 10 V in 500 ns, requiring a max- 
imum current of 200 mA. A pass tran- 
sistor is added to supply this current. 
Biasing the transistor to class A with the 
various diodes improves the small-signal 
response by decreasing the dead band 
to approximately the bias voltage 
(which is of the order of 28 mV per 
stage (56 mV total) and depends on 
temperature. Both stages are under- 


damped such that their small-signal 
responses include overshoots of approx- 
imately 20 mV. The overshoot voltage 
can be subtracted out, reducing the 
remaining offset error with input signal 
to 36 mV. Any real signal exceeding this 
limit is accurately displayed at the out- 
put. Inasmuch as an analog output sig- 
nal is also available, an oscilloscope can 
be used to monitor signals at levels less 
than 36 mV, if necessary. The bar-graph 
output display is most accurate for 
inputs in the frequency range of 3 kHz 
to 200 kHz. 

This work was done by Christopher f. 
Wrigley, Geoffrey K. fames , and Brian O. 
Franklin of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further informa- 
tion, write in 61 on the TSP Request 
Card. NPO-19597 



This Charge Amplifier/Discriminator features a logarithmic-bar-graph output display and a 
charge threshold that can be adjusted within a dynamic range of about 91 dB. 
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H Ultra-Low-Resistance Metal Contacts on InP 

• • g 2 

Resistivity can be as low as 10 Q-cm\ 

Lewis Research Center, Cleveland, Ohio 


Metal contacts on InP semiconductor 
devices can be made to exhibit electri- 
cal resistivities close to the theoretical 
minimum value — of the order of 10" 8 
Q-cm 2 . Heretofore, the lowest contact 
resistivities were of the order of 10‘ 7 
d-cirf; these were achieved by use of Ni 
and other metals and alloys as die con- 
tact materials. The present ultra-low- 
resistance contacts are formed by first 
depositing Au on the InP surfaces, then 
depositing Ni on the Au, then sintering. 
During sintering, Ni diffuses through 
the Au into the InP, but the Au retards 
the diffusion of In from the InP into the 
contacts. As a result, after sintering, the 
concentration of In at the interface 
between the semiconductor and the 


Sinterless Formation 
of Contacts on Indium 
Phosphide: Part 2 

A different intermediate 
contact material can be used. 

Lewis Research Center, 

Cleveland, Ohio 

An alternative intermediate contact 
material can be used in the technique, 
described in “Sinterless Formation of 
Contacts on Indium Phosphide,” NASA 
Tech Briefs , Vol. 19, No. 10 (October, 
1995) page 45, for sinterless formation 
of low-resistivity (=10** Q-cm 2 ) electrical 
contacts on InP semiconductor devices 
without damaging the devices. The 
alternative material is Ni*P. A layer of 
this material is deposited, between the 
InP and the metal contact layer, to the 
same thickness (40 A) as that of the 
AgP 2 intermediate contact layer de- 
scribed in the prior noted article. 

This work was done by Victor G. Weizer 
and Navid S. Fatemi of Sverdrup Techno- 
logy Corp. for Lewis Research Center. For 
further information , write in 60 on the TSP 
Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Ijewis Research Center, 
Commercial Technology Office , Attn: James 
Martz, Mail Stop 7-3, 21000 Brookpark 
Road , Cleveland , Ohio 44135. Refer to 
LEW-15815. 


metal is greater than it is when Au is not 
used; the net effort of the higher con- 
centration of In and the diffusion of 
nickel into the subcontact bulk material 
is to reduce the interfacial barrier 
height and thus the resistivity. 

This work was done by Victor G. Weizer 
and Navid S. Fatemi of Sverdrup Tech- 
nology, Inc., for Lewis Research Center. 


For further information , write in 59 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA I^euds Research Center, 
Commercial Technology Office, Attn: James 
Martz, Mail Stop 7-3, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-15816. 


DIAGNOSTICS/ACQUISITIOiyYSTEM 

Up to 1 6 Real and Virtual 

Data Evaluations ■ 



G raphtec again reduces the 
weight, size and cost of 
data diagnostics and 
acquisition instrumenta- 
tion. With the most 
portable and versatile 
system available 
anywhere. 

The WR9000 is 

available for 4, 8 or , 

16 channels. Multi- V 
input amplifiers V 

measure voltage. J/K/T 
thermocouples, or RMS 
level. Mix or match them with 
others to extend your inputs to 
bridge and frequency transducers. Ai 
math utilities and interchannel analysis 1 
capabilities to create virtual channels that 
greatly improve your real-time diagnostic 
capabilities. 

Store sound, vibration and other dynamic 
phenomena for immediate FFT and correlation 
analysis. 

Scroll through your data 
and define segments for 
instant calculation of 
area, max/min/rms 
values, standard 
deviation, and rise/fall 
times. 

Use SMART triggering 
and available 16- 
channel TTL logic to analyze transients, 
evaluate cyclical operations, summarize process 
variables, or interface with external controls. All 
in real time. With a system you can carry under 
your arm. 

Use the WR9000 s file conversion software to 
merge your data on-the-spot with programs such 
as Microsoft Excel, Lotus 1-2-3 and DADISP. 
Take advantage of a bright 8.9-inch EL display 
that is easy to read from any angle and under 
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il array 
art for 
local 
printout. 

Use 51 2K of 
memory per 
channel, or 
reallocate to expand 
selected measurements, 
tandard 3.5" floppy drive or 
nal magneto-optical drive provides 
storage. 

Ifrol amplifier 
Parameters and chart 
operation from a menu 
screen or GUI. Or by 
panel keys that you 
can reset even duhng 
operation. 

The WR9000 s small 
footprint and low 
profile suit it ideally to 
field measurements. 

And to portable use in the laboratory or on the 
factory floor. It measures less than 15" x 12* x 
5" and weighs only 17.5 lbs (8-channel), and 
operates on AC or available 12 VDC. 

Don’t settle for tape recorders or multiple 
instruments. Make your evaluations and 
decisions on-the-spot. With the world’s 
smallest and most versatile diagnostics and 
acquisition system. 

Call (800) 854-8385 today for full information 
and to receive your copy of our new application 
brochure. 
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Electronic Systems 


® Radio Beacon Indicates Direction to Receiver 


The receiver need not be equipped with a directional antenna. 

Marshall Space Flight Center, Alabama 


A radio-beacon system provides 
information on the direction of a 
receiver relative to a transmitter, with- 
out need to equip the receiver with a 
directional antenna. The major advan- 
tage of this system is that by eliminating 
the need for a directional antenna, it 
also eliminates the need for antenna- 
steering mechanisms and circuitry, 
which can be expensive. In a typical 
application, the transmitter and receiv- 
er would be mounted in two different 
vehicles, and the operator of the receiv- 
ing vehicle would use the directional 
information along with other informa- 
tion to prevent a collision with the 
transmitting vehicle. 


which are generated in the following 
way: The amplified continuous-wave 
signal from an oscillator is fed through 
vector modulators to vertically oriented 
antenna elements mounted over a hor- 
izontal ground plane (see figure). 
Modulation waveforms that produce 
amplitude and phase modulation are 
applied to each vector modulator; 
these waveforms are designed to pro- 
vide the required amplitude steps and 
the required variation in the antenna 
radiation pattern with time, the net 
result being that the amplitude steps of 
the signal radiated in a given direction 
differ from the amplitude steps of the 
signal radiated in a different direction. 


digital representations of the prescribed 
waveforms that correspond to a set of 
directions. In the processor, a digital 
representation of the amplitude-vs.-time 
waveform of the received signal is com- 
pared with each prescribed waveform. 
The direction from the transmitter to 
the receiver is then assumed to be the 
direction associated with whichever pre- 
scribed waveform most closely matches 
the received w r aveform. It should also be 
possible to modulate the transmitted sig- 
nal to convey information on the head- 
ing or orientation of the transmitting 
vehicle; in that case, the absolute direc- 
tion from the transmitter to the receiver 
would also be known. 


From Oscillator_ 
and Amplifier 




A Phased-Array Antenna is excited through vector modulators to radiate a signal with stepped amplitude and a radiation pattern (in the horizontal 
plane) that varies with time. The prototype system contains three antenna elements, but other numbers of elements could be used. 


The basic idea is to transmit a radio 
signal with amplitude that varies with 
time and direction according to pre- 
scribed waveforms that the receiver can 
recognize. The directional information 
is encoded in a repeating sequence of 
direction-dependent amplitude steps, 


The sequence can comprise any num- 
ber of different amplitude steps and 
radiation patterns; the optimum num- 
ber depends on the design of the anten- 
na and the required performance of the 
system. The receiver includes a digital 
processor and a memory that contains 


This work was done by James W. Harper 
of Science Applications International Carp. 

for Marshall Space Flight Center. For 

further information , write in 57 on the ISP 
Request Card. 

MFS-31083 
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OK, so power supplies aren’t 
the most exciting things 
in the world. 


Now, 

single output 
with 120 watts 
of power. 
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But programmability and clean power at 
this price is at least interesting, isn’t it? 


Getting more than you expect 
for less than you expect is 
never boring. 

We don’t think youll jump up and 
dance at the news, but we do think 
you’ll recognize the great value 
offered by the HP E3631A triple dc 
output and the new E3632A single 
output, 120-watt supply. 

The triple outputs with 80 W total 
power (0 to 25V, 0 to -25V, 1A; 0 to 6V, 
5A) of the HP E3631A giv e you lots of 
flexibility. And the new HP E3632A 
provides you with increased power 
and single output (0 to 15V, 7A; 0 to 
30V, 4A). Both supplies also feature 
built-in HP-IB and RS-232 ports. 


And low noise and tight 0.01% regula- 
tion give you clean power you can 
count on for better measurements. 

This family’s full of interesting 
characters. 

The HP E3631A and E3632A are part 
of the HP E3600-series, value-priced 
bench power supplies that offer a wide 
range of functions and power ratings. 
The “Within Budget Without Compro- 
mise” HP E3631 A and HP E3632A 
more than you expect for less. 

HP DIRECT the fast, easy 
way to put more power on 
your bench. 

•US IM price 

-In Canada. caB 1-80M874154. propsn number THUS) l 


Check out our on-line HP Basic Instruments (BI) Catalog at 
http://www.hp.com/info/e3632a 


“Let’s talk power supplies.” 
1-800-452-4844?* Ext. 5189. 
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Powering a Lightweight Airplane With 
Phased Microwave Beams 

A radio beacon aboard the airplane would transmit signals for aiming and phasing. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Figures 1 and 2 illustrate aspects of a 
proposed system for microwave beam- 
ing of power from multiple phased 
microwave antennas at ground stations 
to a lightweight airplane flying in the 
vicinity. The system would operate inde- 
pendently of any other telemetry links 


between the airplane and ground, 
would contain a minimal number of 
components, and could be expanded 
by adding ground stations. 

All of the ground stations would trans- 
mit high-power microwave uplink signals 
at the same carrier frequency, at con- 


trolled phases with respect to each other. 
One power signal would not be modu- 
lated, while each of the others would be 
phase-modulated at a unique frequency. 
A rectenna on the airplane would con- 
vert several uplink signals to dc to power 
the plane. The amplitude of the result- 
ing dc will contain a ripple component 
at each of the unique uplink modulation 
frequencies, which is proportional to the 
phase error of the signal with that mod- 
ulation frequency. The airplane would 
carry a low-power microwave downlink 
transmitter operating at a higher carrier 
frequency. The downlink signal would 
serve as a beacon for aiming the ground- 
station antennas. (Optionally, some 
antennas could be aimed in preparation, 
without turning on their high-power 
transmitters until needed or until the 
airplane was close enough.) 

The downlink signal would also be 
modulated with the amplitude ripples 
from the rectenna. These ripples con- 
tain sufficient information to serve as 
feedback for adjusting the phases of the 
uplink signals at the ground stations so 
that the uplink signals would be made 
to arrive at the rectenna in phase with 
each other to maximize the power deliv- 
ered to the rectenna. 

The ground station transmitting the 
unmodulated uplink signal would be 
denoted the master; the other ground 
stations would be denoted slaves, and 
the phases of their uplink signals would 
be adjusted relative to that of the mas- 
ter, as described below. The rectenna 
would receive a composite of master 
and slave signals. A sample of the mod- 
ulation in the composite signal would 
be extracted via low-pass filter 2 and 
used to modulate the downlink signal. 
The modulated downlink signal would 
thus contain information on the rela- 
tive phase of each slave transmitter. 

The uplink carrier frequency would 
be provided to each slave station 
through a common radio-frequency dis- 
tribution subsystem. In each slave sta- 
tion, the distributed common carrier 
signal would be phase-modulated at its 
unique frequency, then passed to a 
high-power amplifier via a phase shifter, 
which would adjust the phase in 
response to the feedback phase-control 
signal. The high-power output signal 
would be bounced off a dichroic reflec- 
tor, which would reflect at the uplink 


IF YOU THINK YOU CAN’T SEAL IT, 
YOU HAVEN’T TRIED 

PNEUMArSEAL 

Pneuma-Seal is an inflatable gasket that when pressurized with 
air, fills the gaps between surfaces, even hard -to -seal uneven 
surfaces. And when deflated, Pneuma-Seal quickly retracts to 
prevent interference when opening and closing a door or cover. 

You can use Pneuma-Seal as an effective barrier against 
pressure differentials and to seal out water, dust, gas, chem- 
icals, noise and other contaminants. 

Pneuma-Seal is particularly suitable for: 

Large enclosures where it is uneconomical to machine the 
entire sealing surface 

Uneven fabrications where traditional compression gaskets 
or latches are ineffective 

Horizontal or vertical sliding doors or covers that would 
tend to drag on and abrade conventional seals 
Hinged doors where flush thresholds are required 
Typical applications include: 

Processing equipment: chemical, food, textile, pharmaceu- 
ticals, dryers, ovens and where rapid sealing and unsealing 
are required 

Pollution control: sound attenuation, hopper seals 
Laboratory facilities: test equipment, clean rooms 
Transportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 

Construction: special purpose doors, flood protection 
Pneuma-Seal is available in a wide range of profiles, with 
fabric reinforcing where applicable, and in a variety of rubber 
and silicone compounds to meet harsh environmental conditions. 

Pneuma-Seal is furnished complete, ready to install as 
continuous loops, strips, rectangles, or other shapes to your 
specified dimensional requirements 

To obtain a complimentary copy of our designer s handbook, engineering 
assistance or to have a Presray representative contact you, please call us at any of 
the following telephone numbers: 

(914) 855-1220 Telex: 646720 
FAX: (914) 855-1139 West Coast: (714) 751 2993 




PRESRAY 

Presray Corporation 

159 Charles Colman Boulevard, Pawling, NY 12564 

YOU MAY ALSO CONTACT US BY CIRCLING THE 
RESPONSE NUMBER INDICATED BELOW. 
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PARAMETRIC TECHNOLOGY CORPORATION 
In today's competitive environment many companies are at the point where they 
must upgrade to a more advanced design system or risk being left behind. To 
meet the business challenges of producing increasingly sophisticated products, 
faster and more affordably than ever before, companies worldwide are turning 
to Pro/ENGINEEfT Solutions to dramatically improve their product development 
process and gain a competitive advantage. In the past, however, the high cost 
of purchasing and supporting UNIX-based workstations had driven smaller 
companies to settle for low-end design software and hardware solutions. 


Enhancing the Product 
Development Process 
with Windows NT 



With the rapid evolution of 
operating systems and 
improved hardware price- 
performance, Windows NT 
has developed into a robust, 
feature-rich operating 
system that is excellent for 
advanced applications, such 
as Pro/ENGINEER. 
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With the maturing of 
Windows NT® and continual 
performance improvements 
to PCs, a new computing 
platform has evolved that is 
able to run applications that 
were once dependent on the 
features provided only by 
UNIX workstations. By equip- 
ping the PCs with Windows 
NT and a high-end design 
system, users benefit from the 
advanced product develop- 
ment functionality currently 
available, without giving up 
the affordability and ease of 
use of the PC environment. 


Windows NT - 
The Solution 

Windows NT was designed to be a 
high-performance, portable, scalable 
operating system, much like the origi- 
nal design specifications for UNIX. 
However, as a more modern system, 
it benefits from 20 years of advance- 
ments in operating system design 
and can today be offered at a much 
lower cost to the consumer. In short, 
with Windows NT, engineers can 
now take advantage of advanced 
product development software, such 
as Pro/ENGINEER, without giving up 
the familiar world of the PC. 

Furthermore, an increasing number 
of companies are recognizing the 
financial and time-saving benefits of 
purchasing a system that can be 
used for both mechanical design and 
personal productivity applications. 
Many companies are purchasing PCs 
running Windows NT to extend the 
effectiveness of their work, while 
reducing the number of operating 
systems that need to be administered. 


Digital Hardware - 
A Superior Choice 

Digital Equipment Corporation was 
the first UNIX-based hardware 
manufacturer to recognize the impact 
that Windows NT would have on the 
computer industry and, specifically, 
the technical markets of mechanical 
design and manufacturing. With 
Windows NT as the catalyst for 
change, Digital has successfully 
reconciled its workstation business 
model with the PC computing para- 
digm that has swept the computer 
industry, by supplying aggressively- 
priced Windows NT-based PCs to 
customers who have hungered for 
a powerful, yet cost-effective, 
computing solution. 

The combination of Windows NT 
on Digital's Alpha workstations has 
created a new platform offering the 
power of a high-end workstation with 
the affordability and familiari- 
ty of a PC. This platform is 
well suited for Pro/ENGINEER 
Solutions and allows compa- 
nies to use their financial 
resources to automate addi- 
tional engineers, instead of 
supporting costly system 
administration and multiple - 
often redundant -types of 
hardware. 


The Power of 
Pro/ENGINEER Solutions 

Pro/ENGINEER on a Windows NT- 
based workstation provides all the 
functionality and benefits that UNIX- 
based companies have been using 
so effectively to develop better 
products, faster and more affordably. 
Benefits that Pro/ENGINEER has 
always delivered, including faster 
modeling, enhanced collaboration, 
reduced cycle time and development 
costs, better communication with 
suppliers and customers, and greatef 
accuracy throughout the entire 
product development process are i 
now available in the PC environment. 

There have always been many good 
reasons to upgrade - now, with ; 
Pro/ENGINEER running under 
Windows NT, there are no more 
reasons not to. 
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Manufacturer Has Fewer Surprises with Pro/ENGINEER 


SRC VISION of Medford, Oregon, makes com- 
plex sorting systems that use machine vision 
technology to spot defective products and 
foreign materials on a high-speed processing line 
and remove them from the product stream. 
These machines, which transport the product at 
a rate of 500 to 1,000 feet per minute along a 
conveyor belt, compare optical images of items 
passing by with operator-entered standards 
stored in the system's computer. Defective items 
are quickly identified and removed from the 
good-product stream by a closely controlled air 
jet. Industries that use SRC VISION machines 
include food processing, plastics recycling, 
tobacco and wood. 

Designing these machines is an exercise in large 
assembly modeling and management. The 
machines, which are the size of a small room and 
weigh about three tons, may contain between 
2,000 and 6,000 mechanical parts. When 
SRC VISION was using conventional 2D CAD, 
designers had to manually perform clearance 
checks and interference checks prior to assembly. 

When it came time 
to assemble a newly 
designed machine, 
there were fit prob- 
lems that necessitated 
engineering change 
orders, scrapped parts, 
and rework. 

Three years ago, 
SRC VISION invest- 
ed in software to 
optimize the prod- 
uct development 
process, installing 
Pro/ENGINEER 
Solutions from PTC 
and leaving 2D CAD 
behind. Now there 
are few surprises 
during assembly be- 
cause fit and clearance 
can be thoroughly 


checked with the software. Assembly drawings 
are more accurate and "the ECO load has gone 
way down," says Tom Watkins, SRC VISION's 
director of mechanical engineering. "Because of 
Pro/ENGINEER we now have 80% to 90% fewer 
ECOs then we had when we used 2D CAD." 

Another benefit of Pro/ENGINEER is the ability 
to send part models to vendors and get parts 
within hours-without producing drawings. 

"We've eliminated 8 out of 10 part drawings by 
sending Pro/ENGINEER models electronically/" 
Watkins says. "And in the case of laser cutting, 
we're getting accuracies of less than 0.001 inch." 

With accuracy up, ECOs down, and electronic 
communication with vendors, SRC VISION has 
experienced a significant reduction in cycle time. 
It has also experienced its best year ever. "In 

1996, we put two new machines into production 
and both were company records," Watkins says. 
"We could never have gotten them done so 
quickly the old way." 

Although UNIX workstations were the original 
Pro/ENGINEER platform, SRC VISION later 
added a Digital Alpha computer. "Over the next 
18 months, our intention is to phase out all the 
UNIX boxes and replace them with the fastest 
Digital workstations available," Watkins says. 

The reasons for this are mainly economic, due in 
part to the affordability of the Digital computers 
as well as their ability to run Windows NT. 
According to Watkins, having Windows NT as 
the operating system will spare SRC VISION the 
cost of maintenance and support contracts. It will 
also spare them the need for two computers 
per designer. 

"When we're using a UNIX box for product 
development, we really need two computers on 
the desk because you also need a PC for applica- 
tions like e-mail, Microsoft Office, and other 
specialized applications," Watkins says. "We'll 
need only one computer when we can put 
everything on a Digital Alpha computer running 
Windows NT." 
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Leveraging Pro/ENGINEER Solutions 


Custom 
Mold & 
Design 

New Hope 
Minnesota 


in the Windows NT Environment 


Custom Mold & Design, a builder of custom molds 
for medical, computer, and automotive applica- 
tions changed its mold design process to take 
advantage of the benefits that Pro /ENGINEER 
provides. Bob Hullander, design manager, 
estimates that the company's customer base has 
increased by 60% in the past three years, 
primarily because they are a user of Pro /ENGINEER, 
a requirement of many of their customers. 


"We just clicked on different items until we got it 
connected. In UNIX, we would have been typing 
in cryptic commands that are really confusing, 
unless you have a strong UNIX background." 
Hullander added that with Windows NT as the 
operating system, "There isn't much time 
involved in teaching people how to maintain 
their computers. And most people have at least a 
basic understanding of Windows applications." 


By applying Pro /ENGINEER to the entire mold 
design process, rather than just using it for esti- 
mating, Custom Mold & Design has experienced 
additional benefits, such as a reduction in cycle 
time. And rather than running the software only 
under UNIX, Custom Mold & Design also uses 
three Windows NT-based computers from 
Digital Equipment Corp. as Pro/ENGINEER 
design stations. "We wanted Windows NT 
for the ease of file 
management and sys- 
tem administration," 
explains Hullander. 
"UNIX can be really 
cryptic, but Windows 
NT is almost a natural." 

As an example, he tells 
of the first time they 
tried to connect a 
Digital Alpha worksta- 
tion to the company 
network. "It was rela- 
tively easy," he says. 



For Hullander, the Digital Alpha workstation 
provides a competitive advantage for a number 
of reasons. "We chose Digital's system because 
of their innovative technology - they were run- 
ning Windows NT before anyone else. Another 
critical factor - one that all CAD users can iden- 
tify with - is speed. We wanted to invest in state- 
of-the-art technology and after doing some 
research we found that Digital's Alpha processor 
was one of the fastest processors on the market," 
Hullander commented. 

By combining the speed of the Digital Alpha 
workstations and the visualization and accuracy 
of Pro/ENGINEER Solutions, Custom Mold was 
able to reduce the time to design a mold by 
30 percent. Today we turn a mold around in 
eight weeks," concluded Hullander. "Using our 
previous software and hardware systems, that 
would have been impossible. And with business 
more than doubled over last year, the winning 
combination of Pro/ENGINEER Solutions and 
Digital NT machines clearly delivers a true 
competitive advantage." 
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carrier and thereby direct this signal 
along the uplink path. 

The dichroic reflector would be trans- 
parent at the downlink carrier frequen- 
cy, and would thus allow the simultane- 
ously received downlink signal to pass 
through the dichroic reflector into a 
monopulse receiving feed. Error and 
sum signals would be generated, fil- 
tered, and used to point the antenna to 
higher accuracy. In addition, a sample of 
the sum signal would be demodulated in 
a phase-locked loop, and the unique fre- 


quency of the modulation component 
from this particular slave would be sepa- 
rated from those of the other slaves; the 
modulation from this slave would be 
extracted from the composite modula- 
tion by use of a band-pass filter. The con- 
ditioned output of the phase-locked 
loop would serve as a control signal for 
adjusting the phase shifter. 

This work was done by Bruce L Conroy and 
Daniel J. Hoppe of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, write in 24 on the TSP Request CanL 


In accordance with Public Law 96-517 , 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

Larry Gilbert , Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 -6 
Pasadena , CA 91125 
(818) 395-3288 

Refer to NPO-19647, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Modulated Downlink Signal 


Uplink Signal With 
No Modulation 
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Modulated at f, 
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Figure 1. The Downlink Transmitter in the Airplane would provide phase information for adjusting the relative phases of the uplink transmitters, plus 
a beacon signal for monopulse tracking. 



Unique Frequency 

SLAVE GROUND SYSTEM (ONE OF SEVERAL) AIRPLANE SUBSYSTEM 


Figure 2. Airplane and Ground-Station Subsystems would cooperate as parts of an aiming and phase-controlling system to maximize the uplink power 
delivered to the rectenna. 


NASA Tech Briefs, April 1997 


www.nasatech.com 


49 




Physical Sciences 


The y-pi Method of Designing Achromatic Lenses 

Both group and phase indices of refraction are taken into account. 

NASA's Jet Propulsion Laboratory , Pasadena , California 


The y-pi (gamma minus mu) method 
is a powerful and convenient method 
of designing multiple-element achro- 
matic lenses. The y-pi method is so 
named because it involves considera- 
tion of the group index of refraction 
(y) and the phase index of refraction 
(pi) of the glass used in each lens ele- 
ment, plus consideration of y-pi as a 
measure of the wavelength-dispersive 
power of the glass. 

In the traditional method of design- 
ing achromatic lenses, the only index 
of refraction that is considered is the 
phase index of refraction, which is what 
is customarily meant by the unmodified 
term “index of refraction.” The mea- 
sures of wavelength-dispersive power 
(“dispersion” for short) in the tradi- 
tional method are the Abbe number 
and the partial dispersion, which are 
ratios of differences between phase 
indices of refraction at different arbi- 
trarily chosen wavelengths. The tradi- 
tional method is algebraically cumber- 
some and unduly restrictive when 
applied to a lens of three or more ele- 
ments. Unlike the traditional method, 
the y-pi method does not involve the 
arbitrariness of the traditional mea- 
sures of dispersion and is a practical 
means for designing a lens of N ele- 
ments (where A can exceed 3). In addi- 
tion, the y-pi method elucidates — per- 
haps for the first time — the physical 
significance of group velocity in the 
performance of a lens. 

Some definitions of terms are pre- 
requisite to a summary of the y-pi 
method: The group velocity (v g ) in a 
material is the velocity at which a sig- 
nal, a wave packet, or photon propagat- 
ing in the material carries information 
or energy. The group index of refrac- 
tion of the material is given by y= c/v v 
where c is the speed of light in a vacu- 
um. The group and phase indices of 
refraction, as functions of wavelength 
(A), are related via the equation y = 
pt-k(dpi/dk). The phase power of a lens 
can be defined as the curvature of the 
wavefront that emerges from the lens 
when the lens is illuminated steadily 
from a distant point source of light. 
The group power of a lens can be 


defined as the curvature of the surface 
of maximum energy’ density of light 
that emerges from the lens when the 
lens is illuminated by an extremely 
short pulse of light from the same dis- 
tant point source. 


The y-pi method is based on the 
observation, derived from fundamental 
principles of optics, that at a wave- 
length at which the group power of an 
Aelement lens attains maximum or 
minimum, the phase power equals the 
group power. In a lens that comprises 
three or more elements, the phase and 
group powers can be made both equal 
and independent of wavelength in the 
neighborhood (s) of one or more wave- 
length (s) (see figure). In such a wave- 
length neighborhood, the lens is both 
achromatic and confocal in phase and 
group pow r er, giving this type of lens an 
unprecedented degree and type of 
achromatism, called “group achroma- 
tism.” A lens of this type is denoted a 
group achromat. 


An important byproduct of the devel- 
opment of the y-pi method is a method 
for choosing an optimal combination 
of glasses for the N elements of an 
achromatic lens. In this method, one 
can easily apply chromatic constraints 


more general than the conventional 
ones. Furthermore, the computation 
for an A^element lens reduces to a sys- 
tem of linear equations that can be 
solved easily by a matrix formalism that 
involves computation of the inverse of 
an Ax A matrix defined in terms of the 
indices of refraction of the glasses. The 
value of the determinant of the matrix, 
which can be interpreted in terms of an 
A-dimensional geometry, becomes a 
measure of the degree to which the 
combination of glasses satisfies the 
given set of constraints. 

This work was done by Arthur H. 
Vaughan of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion , write in 98 on the TSP Request Card. 
NPO-1 9702 



The Wavelength Dependence of Focal Length was computed in thin-lens approximation for a 
three-element group achromat. The first and second derivatives of phase power with respect to 
wavelength are constrained to be zero at a wavelength of 0.5 pm, making the lens achromatic 
and confocal in group and phase power at that wavelength. The inset shows the lens as a cement- 
ed triplet at ft 7.8 corrected for spherical aberration. 
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# Variable-Buoyancy Balloons for 
Tracking Tropical Storms 

Evaporation and condensation of a secondary buoyancy fluid 
helps maintain approximately constant altitude. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


Radiosonde-balloon systems for track- 
ing tropical storms at approximately 
constant altitudes over both land and 
sea are undergoing development. 
Customarily, a radiosonde balloon, 
which is attached to a floating ocean 
buoy, is launched into a tropical storm 
and is quickly drawn into the eye of the 
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Figure 1. A Dual-Balloon System carries a 
radiosonde and strobe. 


storm, even if released hundreds of 
miles away. The buoy and balloon, how- 
ever, are destroyed when the storm eye 
passes over land. It would be highly 
desirable for a balloon system to track 
the eye and maximum hurricane winds 
over both land and sea from some alti- 
tude (s) in the troposphere. 

A balloon system of the type under- 
going development contains a primary 
buoyancy fluid and a secondary buoyan- 
cy fluid. The buoyancy fluids are con- 
tained in separate balloons (see Figure 
1). The primary buoyancy fluid is typi- 
cally helium, while the secondary buoy- 
ancy fluid is a phase-change fluid [(for 
example, butane, ethyl chloride, or 
refrigerant 114 (dichlorotetrafluo- 
roethane)]. The type and amount of 
secondary buoyancy fluid is chosen so 
that under the prevailing conditions of 
temperature and pressure, this fluid 
condenses above the desired altitude 
and evaporates below the desired alti- 
tude, causing the balloon to bob 
around the desired altitude. 

The feasibility of this bobbing alti- 
tude concept was demonstrated in clear 
weather in an experiment with a two- 
balloon system like that of Figure 1. The 
system was released over California and 
went through several cycles of bobbing 
about an aldtude of about seven kilo- 
meters (see Figure 2). In an actual hur- 
ricane, the balloon is likely to repeated- 
ly travel to the eye, be drawn up to high 



Figure 2. The Altitude of a Balloon System like that of Figure 1 was tracked until radio contact was 
lost over the Nevada Desert. 
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altitude and be forced outward and 
downward, and then travel to the eye, 
thus continuously measuring the hurri- 
cane wind-distribution patterns. 

This work was done by Jack A. Jones oj 
Caltech Jor NASA’s Jet Propulsion Lab- 
oratory. For further information , write in 
55 on the TSP Request Card . 
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Evaluating 
Effects of Weather 
on Optical 
Communications 

A mathematical model 
incorporates statistics from 
observations of visibility 
through the atmosphere. 

NASA’s Jet Propulsion Laboratory, 
Pasadena, California 

A method of evaluating the effects of 
weather on optical communication links 
from spacecraft to ground involves the 
use of an empirical mathematical model 
for attenuation of signals in the atmos- 
phere. The method is related to an older 
method of evaluating a radio-communi- 
cation link, wherein one takes account 
of gains and losses in estimating the 
amount of signal power needed to 
ensure some baseline level of perfor- 
mance, and the link is designed with 
greater power; the extra power is called 
“link margin” and can be incorporated 
into the design as a precaution against 
uncertainty in design assumptions 
and/or to enhance performance. 

A basic assumption of the present 
method is that local weather at each 
ground receiving station severely affects 
reception of signals and, therefore, a 
satellite-to-ground optical-communica- 
tion system will include multiple ground 
stations in a diversity reception scheme. 
In this case, diversity entails locating sta- 
tions far enough apart (e.g., hundreds 
of kilometers) that they can be consid- 
ered to be exposed to different weather 
conditions. In designing such a system 
and analyzing its performance, the avail- 
ability of each station must be defined, 
and it is necessary to quantify the link 
margin needed to accommodate link 
uncertainties accurately. In the older 
method of calculating link margin, one 
does not take atmospheric attenuation 
into account, with the result that a sys- 
tem designed by that method can end 
up over- or underdesigned. 

In the present method, one does not 
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use the power-based measure of link 
margin of the older method; instead, 
one uses a different metric, called the 
“expected data volume” (EDV), which 
takes account of both availability and 
uncertainties in atmospheric attenua- 
tion. As a prerequisite to a description of 
how this is done, it is necessary to define 
the terms “available,” “unavailable,” and 
“availability” as used in this special con- 
text. A ground station is said to be avail- 
able or unavailable at given instant if, at 
that instant, the atmospheric attenua- 
tion there is less than or greater than a, 
respectively. “Availability” is defined as 
the nominal probability P a that the 


atmospheric attenuation will be less 
than or equal to a specified amount a 
(see figure). The figure contains a rep- 
resentative plot of P a versus cr, the plot 
includes a nominal curve within a band 
that represents the uncertainty A a in 
atmospheric attenuation. 

One can construct a mathematical 
model of P a and A a as functions of a 
from statistical data on cloudiness. Such 
data are being gathered by three diverse 
(in the sense defined above) observato- 
ries (two in California, one in Arizona) 
that monitor the intensities of light 
received from known stars of known 
brightness. 



A Cumulative Probability Distribution of a for 
a typical ground receiving station would look 
like this plot. The cr represented on this plot is 
zenith attenuation. When analyzing an optical 
communication link with reception from an 
off-zenith direction, the path length is greater 
and thus the value of a must be increased. For 
design, the a for the largest expected zenith 
angle should be used. 

Consider a set of A stations capable of 
viewing the spacecraft source of the opti- 
cal signal under cloud-free conditions 
(“candidate stations,” for short). The 
probability P v (m) that m of those sta- 
tions are available is given by 

P s ,(m)=B(N,m)P:(\-P a ) N ~ 

where B(N,m) denotes the binomial 
coefficient [the number of combina- 
tions of N things taken m at a time; that 
is, Nl/m\(N - m)I], The probability P N 
that at least one of the stations is avail- 
able is given by 

N 

m» 1 

This is the “joint availability” of the net- 
work of ground stations to receive a 
downlink signal if everything is constant. 
In practice, the number of candidate sta- 
tions changes with rotation of the Earth 
and motion of the source. Suppose that 
total downlink time is T, which is divided 
into K disjoint segments . . .t K , such 
that during each segment t, there are N t 
candidate stations. Suppose also that 
when at least one station is available, it is 
possible to reliably receive data transmit- 
ted from the source at a rate R Then the 
expected data volume is defined as the 
volume of data expected to be received 
during T and is given by 

A' 

EDV=R^tJP N . 

i - 1 

This is the metric for determining the 
capability of the link. The EDV and the 
underlying methodology are proposed 
for use when making comparisons 
between proposed radio-frequency and 
optical communication links. 

This work was done by James R Lesh of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, write 
in 6 on the TSP Request Card. 

NPO-19774 


Pjuzzled about which diode 
laser fits your application? 


The model APMT combines TTL modulation with 
astigmatic and anamorphic beam-correcting op- 
tics and an active Peltier temperature control in 
a complete package. The system is available in 
wavelengths from 635 to 1064nm and up to 
35mW of visible light or lOOmW of IR. 




The model ACM diode laser system corrects for the 
highly divergent, elliptical, and astigmatic character- 
istics inherent in laser diodes. This system produces 
a fully corrected beam which is circular, collimated, 
and non-astigmatic. The ACM is available in wave- 
lengths from 635nm to 1 064nm and powers from 2mW 
to 75mW. Modulation up to 20 MHz is available. 


The high power HAM system incorporates an 
internal fan, heat-sinking, and drive electronics 
for the diode’s internal thermoelectric cooler. 
Available lasers range from a lOOmW, 650nm 
wavelength to a 2000mW, 810nm wavelength. 
Collimating optics are now available. 




The model SPMT diode laser system is 
a fully integrated system, with laser, op- 
tics, and drive circuitry. This design al- 
lows for space saving and position flex- 
ibility with a separate laser/optics head 
topology. The unit has TTL modulation 
capability of up to 20MHz on 5VDC. 


Call us. We sell solutions. 



Paget' Technology Incorporated 


Address correspondence to: Box 191117 

Phone: 501-568-1995 

E-mail: Sales @ PowerTechnology.com 


Little Rock, Arkansas 72219-1 117 
Fax:501-568-1994 

Home Page:www.PowerTechnology.com 
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Kinematic Positioning With GPS Pseudorange and Carrier Phase 

Accuracy would be 2 to 3 times that of positioning with pseudorange alone. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


Three techniques have been pro- 
posed to increase the accuracy of real- 
time kinematic positioning via the 
Global Positioning System (GPS). 
These techniques involve the process- 
ing of simultaneous GPS pseudorange 
and carrier-phase measurements to esti- 
mate position with accuracy greater 
than that achievable by use of pseudo- 
range alone. The techniques are com- 
putationally efficient and thus suitable 
for implementation in compact naviga- 
tional electronic equipment that could 
be carried aboard airplanes, land vehi- 
cles, boats, and Earth-orbiting satellites. 

GPS pseudorange measurements pro- 
vide absolute but crude positioning 
information, while carrier-phase mea- 
surements provide precise information 
on changes in position; thus, one can 
determine position with greater accura- 
cy from a combination of pseudorange 
and carrier-phase data. The "catch" in 
using carrier-phase data is that each 
continuous pass of carrier phase mea- 
surements is accompanied by an 
unknown phase bias, so that it is neces- 
sary to remove or estimate this bias in 
processing the data for accurate real- 
time positioning. The three proposed 
techniques provide various means to 
account for phase biases and to use 
pseudorange and carrier-phase data for 
kinematic positioning. 

For all three techniques, an on-board 
GPS receiver must be capable of pro- 
ducing pseudorange and carrier phase 
measurements from multiple GPS satel- 
lites. The pseudorange measurements 
at a single epoch are used to obtain 
crude estimates of three-dimensional 
position and time. These estimates are 
then used as the nominal values for cal- 
culation of partial derivatives of mea- 
surements with respect to position and 
time, and are combined with the carri- 
er-phase measurements in the subse- 
quent precise estimation. Pseudorange 
measurements are valuable in speeding 
up the convergence of the phase-bias 
estimates, and thus the position and 
time estimates. On the other hand, car- 
rier-phase measurements provide ties 
between successive time points, thus 
enhancing positioning accuracy'. 

The three techniques are called 
"nondifferential," "simple time differen- 
tial," and "modified time differential." 
In the nondifferential technique, the 
estimation process is carried out in a 
square-root information filter formula- 


tion. The estimated parameters include 
the four-dimensional current state 
(position and time) and carrier-phase 
biases. All these are treated as white- 
noise parameters; the four-dimensional 
state is to be reset (i.e., white-noise 
updated) at every epoch, whereas each 
of the phase biases is to be reset only 
when its continuity ceases. 

In the simple time-differential tech- 
nique, phase biases are eliminated by 
taking differences between phase mea- 
surements at consecutive sampling 
times, and the current four-dimensional 
state is estimated by use of a recursive 
formula that incorporates the preceding 
estimate and the current pseudorange 
and differenced carrier-phase measure- 
ments. In the modified time differential 
technique, carrier-phase biases are 
removed in such a way as to recover the 
absolute-position information embed- 
ded in the carrier phase; this involves, 
among other things, simultaneously esti- 
mating the four-dimensional state for 
both the current and the immediately 
preceding sampling times. 


Without information from ground 
GPS observations, on-board kinematic 
positioning is limited by dithering of 
GPS clock signals pursuant to a policy 
called "Selective Availability," (SA) in 
which the precision available to unau- 
thorized users is limited by introducing 
pseudorandom errors that can be cor- 


rected by use of codes available to 
authorized users. Pseudorange and car- 
rier-phase measurements are equally 
corrupted by these effects, which are 
typically tens of meters in magnitude. 
The SA effects can be removed if, at any 
epoch, each GPS satellite observed by 
the user is also observed by a ground 
station and the information retransmit- 
ted to the user for differencing. 

The figure is a plot of selected results 
from a numerical simulation that was 
conducted to assess the positioning 
accuracies achievable with the pro- 
posed techniques. The simulation was 
carried out for a GPS user aboard a 
satellite in orbit around the Earth at an 
altitude of 700 km. The results of the 
simulation show that when wide-area 
differential GPS data for reducing SA 
clock errors and GPS ephemeris errors 
are available and the proposed tech- 
niques are used, it should be possible to 
estimate position to within a three- 
dimensional root-sum-square (rss) accu- 
racy between 0.5 and 0.8 m; this level of 
accuracy is between 2 and 3 times that 


achievable with pseudorange measure- 
ments alone. 

This work was done by Sien-Chong Wu 
and Thomas P. Yunck of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information , write in 78 on the TSP Request 
Card. 

NPO- 19575 



Three-Dimensional Position Error would be reduced by processing carrier phase data along with 
pseudorange data, using any of the three proposed techniques. 
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SS Modification of Carbon Fibers for Higher Young’s Modulus 

The Young’s modulus of carbon fibers is increased after a cycle of 
fluorination-defluorination treatment. 

Lewis Research Center, Cleveland, Ohio 


Processes for the defluorination of 
graphite fluoride fibers have been 
developed as means of producing new, 
chemically modified carbon-fiber mate- 
rials. The starting materials and process 
conditions for defluorination can be 
chosen so that the resulting modified 
carbon fibers take on properties that 
are desired in specific applications. The 
chemically modified carbon materials 
have interplanar spacings in the range 
of 3.35 to 3.45 A. Some of the modified 
carbon-fiber products exhibit very high 
moduli of elasticity, which heretofore 
have been achievable only with extreme 
difficulty. Other of these products, gen- 
erally denoted as “activated graphite,” 
can be used to make stronger metal- 
matrix/carbon-fiber composite materi- 
als because they are more wettable by 
metal matrix materials than are carbon 
fibers made by older methods. 

In an older method of defluorination 
of graphite fluoride (heating in an inert 
environment), fluorine atoms leave the 
graphite fluoride and take significant 
numbers of carbon atoms with them. 
Consequently, the carbon material left 
after defluorination is extensively 
damaged and, therefore, not useful. 
Moreover, the process in the older 
method is difficult to control because 
the defluorination is either (a) slow 
and incomplete if done at a tempera- 
ture < 400 °C or else (b) likely to turn 
explosive if heating is done rapidly at a 
temperature > 400 °C. In a precursor to 
the present method, the graphite fluo- 
ride fibers are treated in bromine va- 
por at a temperature of 350 °C. Deflu- 
orination in this case is faster and more 
complete than when done in an inert 
environment, but the material is still 
damaged significantly. 

The present method involves the use 
of halocarbon compounds to heal 
some of the damage as defluorination 
proceeds. The figure schematically il- 
lustrates a typical process according to 
this method. First, the graphite fluo- 
ride fibers, obtained by fluorination 
of carbon fibers, are exposed to a suit- 
able halocarbon gas (e.g., CC1 4 , CHBr*, 


Br 2 CHCHBr 2 , or BrCH 2 CH=CHCH 2 Br) 
at a temperature between ambient and 
250 °C to let the halocarbon molecules 
diffuse into the graphite fluoride mole- 
cular structure in preparation for the 
defluorination-and-healing process. 
Then, while maintaining the same halo- 
carbon aunosphere, the fibers are heat- 
ed to a temperature between 250 and 
450 °C for an interval between 2 and 
10 h; this heating effects the first-step 
defluorination, in which the majority of 
fluorine atoms are detached from the 
carbon atoms in CF X and quickly re- 
moved from the proximity of graphite 
fluoride by reacting to the halocarbons. 
Simultaneously with the defluorination, 
the halocarbons go, variously, to the 


sites vacated by the fluorine atoms and 
to sites that contain damage and de- 
fects. Thus, the halocarbon molecules 
not only enhance the rate of defluori- 
nation, but also prevent and heal the 
damage. Depending on the length of 
the halocarbon molecules, these mole- 
cules may produce crosslinks of the 
molecular structure in the carbon mate- 
rial and thereby produce a new carbon 
material; namely, graphite with its adja- 
cent carbon layers crosslinked. 

The halocarbon molecules should be 
small so that they can enter the molecu- 
lar structure of the graphite fluoride. 
All of the fluorocarbon compounds 
mentioned above have molecules that 
are small enough; they can prevent and 



This Multistage Process yields graphitelike carbon fibers with physical and chemical properties 
that are useful in selected applications. 
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heal the damage during the first-step 
defluorination. However, with respect 
to effectiveness as a cross-linking agent, 
the ability of CC1 4 is weak or non- 
existent, the abilities of CHBr s and 
Br 2 CHCHBr 2 are moderate, and that 
of BrCH 2 CH=CHCH 2 Br is strong. 

After the first-step defluorination, 
the carbon material still contains some 
fluorine (up to 1 1 percent of the weight 
of the carbon) plus other halogens (up 
to 31 percent) from the halocarbons. 
Therefore, after removing this carbon 
material from the halocarbon environ- 
ment to ambient air for temporary stor- 
age, the material is subjected to second- 
step defluorination, in which it is heated 
in an inert environment (e.g., a nitrogen 
atmosphere) to a temperature of 600 °C 
to remove most or all of the remaining 
fluorine and some of the other halogens. 
The fibers are further heated in an inert 
environment to a temperature between 
1,000 and 1,160 °C to remove most or all 
of the remaining halogen atoms. 

After a second interval of temporary 
storage in ambient air, the fibers are 
heated in an inert environment (argon 
atmosphere) to a temperature of as 
much as 2,700 °C to increase the degree 
of graphitization and thereby increase 


Carbon/carbon pistons of a pro- 
posed type would be tougher than 
those that have been tested thus far and 
would thus be capable of withstand- 


the modulus of elasticity and thermal 
conductivity of the fibers. The proper- 
ties of the carbon fibers thus produced 
depend on the temperatures and 
other particulars of the various stages 
of the process, including the final 
heating stage. In particular, according 
to the process described in the figure, 
when the graphite fluoride reactant 
was made from pitch-based carbon 
fibers having modulus of elasticity of 
105 Msi and BrCH 2 CH=CHCH 2 Br was 
chosen during the first-step defluori- 
nation, the final carbon fiber prod- 
uct was found to have modulus of 
elasticity value much higher than 120 
Msi. Such an increase in modulus of 
elasticity is believed to be due to the 
cross-linking between the adjacent 
graphite layers. 

This work was done by Ching-cheh Hung 
of Lewis Research Center. For further 
information , unite in 22 on the TSP Request 
Card . 

Inquiries concerning rights for the commer- 
cial use of this invention should be ad-dressed 
to NASA Lewis Research Center , ; Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark Rd., 
Cleveland, OH 44135. Refer to LEW- 
15847. 


ing the high temperatures and high 
impacts of use in internal-combustion 
engines. The state-of-the-art carbon/ 
carbon pistons that the proposed pis- 


Layer Containing 
Fully Carbonized PEEK 



Region Containing 
Softened PEEK 


In a Proposed Carbon/Carbon Piston made of partly densified three-dimensional carbon/car- 
bon filled with PEEK as a toughening agent, the PEEK would become carbonized at the com- 
bustion-chamber surface during operation, would be softened in the cooler layer below this sur- 
face, and would be solid (providing maximum reinforcement) in the highly stressed region 
around the wrist-pin hole. 


$ Toughened Carbon/Carbon Pistons 

Three-dimensional carbon/ carbon would be toughened 
with metal or plastic in its pores. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


For More Information Write In No. 411 
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tons would replace tend to fail prema- 
turely in use because they are britde. 

The state-of-the-art carbon/carbon 
pistons are made with carbon fibers 
oriented predominantly in two dimen- 
sions. However, three-dimensional car- 
bon/carbon composite materials would 
be used in the proposed pistons. Fab- 
rication of a piston would begin with 
weaving a preform to near net shape, 
using carbon fibers oriented in three 
orthogonal directions. The preform 
would then be partly densified into car- 
bon/carbon by use of a highly graphitiz- 
able matrix precursor like petroleum or 
synthetic pitch, leaving a porosity of 
about 15 percent. 

By use of resin-transfer molding, the 
pores would be filled with a metal or 
a thermoplastic like poly(ether ether 
ketone) (PEEK), which would serve as a 
toughening agent. The part would then 
be machined to net shape. 

During operation, in the case of PEEK, 
a layer of PEEK would become carbon- 
ized at the combustion chamber surface 
of the piston (the top surface in the fig- 
ure). Immediately below that surface, 
the PEEK would be soft, so that the car- 
bon/carbon composite in that region 
would bear all of the load. The regions 
farther below would be cooler, and 
would be coolest (at the temperature of 
the engine oil) in the vicinity of the 
wrist pin. The PEEK would be solid in 
these lower regions, providing the 
greatest support where stresses would 
be the greatest. 

This work was done by D. Kyle Brown of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , write 
in 36 on the TSP Request Card. NPO-19592. 


High-Performance 

Silver-Recovery 

Apparatus 

John F. Kennedy Space Center, 
Florida 

An apparatus at Kennedy Space 
Center recovers silver from liquid waste 
produced during the development of 
photographic and radiographic film. 
In comparison with previously avail- 
able silver-recovery equipment, this ap- 
paratus recovers a greater proportion 
of silver from the waste stream. In this 
apparatus, dissolved silver is removed 
from the waste stream by exchanging sil- 
ver ions for iron ions in sacrificial car- 
tridges in treatment cells, while particu- 
late silver is removed by filtering. The 


system includes several treatment cells 
in series; a “lead” (farthest upstream) 
cell followed by a “lag” cell followed by 
a tailing or “polishing” stage that com- 
prises a dual cell plus a single cell. 
When the concentration of silver in 
the lead-cell cartridge reaches the 
maximum allowable, this cartridge is 
removed to harvest the silver, the car- 
tridge from the lag cell is moved to 
the lead position, and a fresh car- 
tridge is placed in the lag cell. The 
apparatus treats as much as 15 gallons 
(«* 1 66 liters ) of waste per day, recov- 
ering more than 99.9 percent of the 


silver. The concentration of silver in 
the effluent is no more than 5 parts 
per million — low enough to permit 
the effluent to be sent to a sewage- 
treatment plant. 

This work was done by Edsel W. Fickey, 
Daniel J. Tierney , and Clarence E. GiUen- 
water of EG&G Florida , Inc., for Kennedy 
Space Center. For further information , 
write in 67 on the TSP Request Card. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11846. 
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Computer Programs 


Computing Characteristics 
of Dual-Reflector Antennas 

The DUALREF computer program 
accurately predicts radiation character- 
istics of microwave antennas. Such 
antenna radiation characteristics as 
beam width, gain, aperture efficiency, 
side-lobe level, and cross polarization 
are used in analyzing and designing 
advanced antenna systems. While the 
single offset paraboloid has been the 
configuration used most extensively for 
satellite multiple-beam antennas, the 
trend toward large apertures and 
toward requirements for minimum 
degradation of scanned beams over the 
field of view (18° wide for full coverage 
of the Earth from geostationary orbit) 
may lead to unpractically long focal 
lengths and large feed arrays. On the 
other hand, dual-reflector antennas 
offer packaging advantages and more 
degrees of design freedom to improve 
beam scanning and cross-polarization 
properties. Reflector antennas are wide- 
ly used in communication satellite sys- 
tems because they provide high gain at 
low cost. The Cassegrain and Gregorian 
antennas are the most commonly used 
dual-reflector antennas. DUALREF can 
calculate the secondary patterns and 
directivities of these antennas and of 
any similar generalized dual-reflector 
antenna system. 

DUALREF uses the physical-optics- 
current methodology for describing the 
induced currents on the sub- and main 
reflectors. The resulting induced cur- 
rents on the main reflector satisfy 
Maxwell’s equations, so they are inte- 
grated to obtain the antenna far-zone 
electric fields. The output of the pro- 
gram describes such antenna radiation 
characteristics as beam width, gain, 
aperture efficiency, side-lobe level, and 
cross polarization. This program has 
been verified with other physical-optics 
programs and with measured antenna 
patterns, and the comparison shows 
good agreement in far-field side-lobe 
reproduction and directivity. 

DUALREF is written in Microsoft 
Fortran PowerStation for IBM PC-com- 
patible computers running Window's 3.1, 
Window's 95, or Windows NT. Microsoft 
Fortran PowerStation for Window's and a 
plotting program (e.g., MATLAB or 
Mathcad 5.0 Plus) are required. DUAL- 
REF has been successfully implemented 


on an IBM PC-compatible 486DX/33 
computer running Windows 95. The 
standard distribution medium for DUAL- 
REF is one 3.5-in. (8.89-cm), 1.44MB, 
MS-DOS-format diskette. The contents of 
the diskette have been compressed by 
use of the PKWARE archiving software 
tools. The utility software to unarchive 
the files, PKUNZIP.EXE v2.04g, is includ- 
ed. DUALREF was released to COSMIC 
in 1995. 

This program was written by Roberto J. 
Acosta o/ Lewis Research Center. For fur- 
ther information, write in 72 on the TSP 
Request Card. 

LEW-16226 


Software for the Airborne 
Emission Spectrometer 

Special-purpose software has been 
developed to support both in-flight 
and ground processing of data from 
the Airborne Emission Spectrometer 
(AES), a Fourier- transform spectrome- 
ter for studying tropospheric chem- 
istry from a variety of airborne plat- 
forms. The AES support software 
includes components in three cate- 
gories; decommutation, cataloging, 
and utilities. The decommutation soft- 
ware transforms the spectrometer 
readout data from instrument format 
to a format suitable for calibration and 
further processing; it is used for both 
routine processing and for testing the 
instrument. The cataloging software 
generates catalog and data-quality 
information stored in a relational 
database. The utilities were developed 
as needed to perform specific func- 
tions, including copying data onto and 
from magnetic tape, “smart” down- 
loading of data, geolocation, extrac- 
tion of specified subsets of data, and 
averaging. The decommutation and 
cataloging software were designed 
concurrently with the AES hardware. 
Overlapping functional requirements 
in the support software were identified 
early in the design effort, enabling the 
reuse of many software components: 
Overall, the AES support software 
comprises 326 modules, of which only 
171 are unique. 

This program was written by Steven 
Larson of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, write in 16 on the TSP Request Card. 
NPO-19917 


@ Software Manages 

Recorded Data Structures 

The Spacecraft Data Recorder (SDR) 
computer program enables flight soft- 
ware in a spacecraft (or similar software 
in a terrestrial application) to manage 
data structures (e.g., link lists and 
tables) recorded in a persistent medium 
such as a magnetic disk or a solid-state 
recorder based on nonvolatile random- 
access memory. The SDR software also 
prevents corruption of persistent data 
by errors in application programs or by 
rebooting of computers. The data struc- 
tures are treated as objects in the C pro- 
gramming language. The software sup- 
ports the use of an abstract data-record- 
ing device, which is also denoted “SDR.” 
The SDR abstraction insulates the appli- 
cation software from the specific char- 
acteristics of the real data-storage device 
and, as much as possible, from tradi- 
tional data-storage and -retrieval chores. 
The underlying principle is that an SDR 
provides standardized support for user 
data organization at object granularity 
and direct access to persistent user data 
objects, rather than supporting user 
data organization only at “file” granu- 
larity and requiring the user to imple- 
ment access to data objects accreted 
within those files. 

This program was written by Scott 
Burleigh and Alan Schlutsmeyer of Caltech 
for NASA’s Jet Propulsion Laboratory. 
For further information, write in 15 on the 
TSP Request Card. 

NPO-1 9905 


Software for Analyzing 
Vibrations of Levitated 
Liquid Drops 

The STV-Data Analyze computer pro- 
gram extracts frequencies and damping 
parameters from raw data acquired in 
laboratory observations of vibrations of 
electrostatically levitated liquid drops. 
The frequencies and damping parame- 
ters of these vibrations are used to cal- 
culate the surface tensions and viscosi- 
ties of the drops. The program reads a 
raw data file in a format used in the lab- 
oratory observations, high-pass filters 
the data, provides for selection of the 
relevant portion of the data, then per- 
forms a nonlinear least-squares fit of 
the filtered, selected data to the prod- 
uct of (1) a decaying exponential and 
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(2) a sine wave, the frequency of which 
changes linearly with time. The parame- 
ters reported as a result of this fit are the 
exponential-decay time constant, the ini- 
tial frequency, the coefficient of change 
of frequency with time, and the approx- 
imate standard deviations of the forego- 
ing quantities. Optionally, the program 
writes the filtered, selected data to an 
ASCII file for further processing. The 
program is optimized for the specific 
raw-data format and the specific fitting 
function. The program was written as a 
Virtual Instrument in version 3.0.1 of 
the Lab VIEW software system, and can 
be executed only within that system. 
Also needed for execution is a 
Macintosh (or equivalent) computer 
with a 68040 (or better) processor and at 
least 16MB of random-access memory 
(RAM), or else a Power Macintosh (or 
equivalent) computer with at least 24 
MB of RAM. 

This program was written by Erik Spjut 
and Won-Kyu Rhim of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information, write in 96 on the TSP 
Request Card. 

NPQ-20000 


@ Software for Exciting 
Vibrations of Levitated 
Liquid Drops 

The Excite to Disk computer program 
governs the generation of a sinusoidal 
voltage of specified frequency, ampli- 
tude, and duration for exciting the 
vibrations described in the preceding 
article. Following the excitation, this 
program records the vibrational 
response, time-stamps the response 
data, and writes the resulting data to a 
hard disk in a binary format that occu- 
pies less disk space than does an ASCII 
format: these are the raw data men- 
tioned in the preceding article. Also 
recorded on the disk are ancillary data 
on experimental conditions and notes 
written by the experimenter. The pro- 
gram also high-pass-filters the data, dis- 
plays the filtered data as a function of 
time, computes a fast Fourier transform 
(FFT) of the filtered data under the 
assumption that the data represent an 
exponentially decaying sinusoid, dis- 
plays a power spectrum based on the 
FFT, and estimates the values of expo- 
nential-decay time constant and the fre- 
quency from the FFT and from the peri- 
od between zero crossings. Like the pro- 
gram described in the preceding article, 
this program was written as a Virtual 
Instrument in version 3.0.1 of the 
LabVIEW software system, and can be 
executed only within that system on 
either a Macintosh (or equivalent) com- 


puter with a 68040 (or better) processor 
and at least 16MB of random-access 
memory (RAM) or else a Power 
Macintosh (or equivalent) computer 
with at least 24 MB of RAM. Also needed 
for execution is version 4.7.0f3 of the NI- 
DAQ software. 

This program was written by Erik Spjut and 
Won-Kyu Rhim of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation , write in 97 on the TSP Request Card. 
NPG-20001 


(h Automated Monitoring 
With Learned 
Envelope Functions 

The Envelope Learning and Mon- 
itoring via Error Relaxation (ELMER) 
computer program automates the moni- 
toring of time series of data from multi- 
ple sensors in a complex engineering sys- 
tem. The basic idea in automated moni- 
toring is to trigger an alarm when the sig- 
nal from any given sensor goes beyond 
allowable upper and lower limits; the 
problem is how to specify these limits. 
ELMER is designed to avoid the disad- 
vantages of both (1) traditional monitor- 
ing with fixed limits, which tends to be 
too imprecise (to miss alarms) and (2) 
monitoring based on dynamical simula- 
tion of the system, which tends to be too 
expensive and too precise (to generate 
false alarms). Starting from traditional 
high and low limits, ELMER uses compu- 
tational models of recurrent neural net- 
works to “learn” global functional 
approximations for the upper and lower 
limits. For each sensor, these evolving lim- 
its are embodied in a pair of functions of 
time, collectively denoted an “envelope.” 
As learning progresses with time, the lim- 
its become tighter; thus, in effect, 
F1LMER makes a gradual transition from 
a mode of operation that resembles tra- 
ditional fixed-limit monitoring toward a 
mode that looks more like a compromise 
between fixed-limit and simulation-based 
monitoring. The point of compromise — 
the balance between false alarms and the 
ability to detect malfunctions — is con- 
trolled parametrically. A graphical user 
interface enabler presents data from mul- 
tiple time series on multiple time scales, 
as determined by the user. ELMER has 
been implemented on Sun Sparc com- 
puters running Solaris 2.X and could 
probably be ported to other UNIX sys- 
tems running C++ and Java. Large color 
monitors and at least 32MB of random- 
access memory are recommended for the 
graphical user interface. 

This program was written by Dennis 
DeCoste of Caltech for NASA’s Jet Propul- 
sion Laboratory. For further information , 
write in 18 on the TSP Request Card. 
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their unique shear web design and 
premium alloy construction, continue to 
set the performance standard in force 
measurement. 

These high performance load cells excel 
in automotive, aerospace, medical, 
scientific and industrial applications 
world-wide. The superior design provides: 

• High output 

• High frequency response 

• Excellent symmetry 

• High resistance to off-center 
loading 

• Multiple bridge options 

• Capacities from 50 to 200,000 lbs 

Don’t settle for less. Call today to discuss 
your specific application. 

■rrcerfaee 

ADVANCED FORCE MEASUREMENT 

7401 East Butherus Drive 
Scottsdale, Arizona 85260 
Tel. (800) 947-5598 
Fax (602) 948-1924 
E-mail: gen@interfaceforce.com 
http://www.interfaceforce.com 


NASA Tech Briefs, April 1997 


www.nasatech.com 


For More Information Write In No. 433 


Mechanics 


© Characterizing Worst-Case Flutter Margins 
From Flight Data 

A robust stability theory enables computation of flutter margins consistent with 
variations in flight data. 

Dryden Flight Research Center, Edwards, California 


A mathematical-modeling method 
for characterization of the flutter stabil- 
ity margins of an airplane has been for- 
mulated within the conceptual frame- 
work of a robust stability theory. The 
method was developed in a recent pro- 
gram to improve flight flutter testing on 
the F/A-18 Systems Research Aircraft 
(SRA) shown in Figure 1. 

Some definitions of terms are prereq- 
uisite to an explanation of this develop- 
ment. “Flight envelope” denotes a 
range of velocities and altitudes within 
which it is considered to be safe and 
possible to operate an airplane. “Flutter 
stability margin” signifies a margin, 
defined with respect to a flight enve- 
lope, for avoiding flutter. 

The development was prompted by 
the following considerations: Because 
of the danger posed by relying on inac- 
curate estimation of aeroelas tic-stability 
properties, expansion of the flight enve- 
lope is cosdy and time-consuming. 
Mathematical models for preflight pre- 
diction and in-flight estimation must be 
accurate enough to represent the true 
stability margins. 

In this method, the mathematical 
model of the airplane as an aeroelastic 
system comprises a nominal plant 
model generated as a structural model 
coupled with a linear state-space repre- 
sentation of unsteady aerodynamic 
forces, with associated uncertainty oper- 
ators to represent modeling errors. The 
uncertainty operators admit variations 
in modal frequencies and damping 
parameters, nonlinearities, unmodeled 
dynamics. The robust stability margin is 
represented by a structured singular 
value called “p.” 

Flight data are easily incorporated 
into the stability analysis in this method. 
Uncertainty operators are derived by 
modal validation to ensure that the 
dynamics observed in the data are rep- 
resented in a robust mathematical 
model. The stability-margin parameter 
p is robust to the measured variations 


associated with the uncertainty opera- 
tors. In this sense, worst-case flutter 
margins are computed with respect to 
the flight data. 

The worst-case flutter margins are 
computed for the F/A-18 SRA by use of 
aeroelastic-response data generated 
during operation of a wing-tip excita- 
tion apparatus, which includes a rotat- 
ing aerodynamic vane on each wing tip 
to produce a modal vibration-excitation 
force. The frequency of rotation can be 
varied to obtain sine-sweep-response 
data. Symmetric and antisymmetric 
modes can be excited separately by use 
of in- or out-of-phase excitation, respec- 
tively, at the wing tips. 


Flight data from 260 maneuvers 
throughout the flight envelope are used 
to generate uncertainty operators for a 
linear mathematical model with 28 
structural vibrational modes. Figure 2 
illustrates nominal and robust flutter 
margins computed with p, along with 
flutter margins of a traditional type 
called u p-k, n for symmetric and antisym- 
metric modes. The nominal margins as 


computed by both methods are similar, 
but the robust margins indicate that the 
flutter margins may lie closer to the 
flight envelope when modeling errors 
are taken into account. 

This method offers significant advan- 
tages over traditional flutter-estimation 
methods. Analytical methods — for 
example, the one implemented by the 
p-k algorithm — rely on theoretical 
models to approximate the dynamics of 
aircraft without utilizing flight data. In- 
flight-estimation methods — for exam- 
ple, modal tracking — depend on noisy 
data and often produce unreliable sta- 
bility estimates. The p-analysis ap- 
proach utilizes a well-developed theo- 


retical model and realistic flight data to 
obtain accurate estimates of the stabili- 
ty properties of an aircraft. 

This method may significantly 
decrease the cost and danger associat- 
ed with flight testing for expansion of 
the flight envelope. A modal damping 
parameter of the type used heretofore 
for flutter estimation is merely a stabili- 
ty indicator (as distinguished from a 



Figure 1. The F/A-18 Systems Research Aircraft has been used in research on flutter margins. 
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stability predictor) and is truly informa- 
tive only at a point of instability. On the 
other hand, p is a stability predictor and 
can be updated throughout a flight test 
by revising the uncertainty operators on 
the basis of current measurement data 


and computing a new stability' margin. 

This work was done by Martin Brenner 
and Rick Lind of Dryden Flight Research 
Center. For further information f write in 
65 on the TSP Request Card. 

DRC-97-03 



NOMINAL AND ROBUST POINTS AND MARGINS FOR SYMMETRIC MODES 



NOMINAL AND ROBUST POINTS AND MARGINS FOR ANTISYMMETRIC MODES 


Legend: Robust Flutter Margin by p Method 

Nominal Flutter Margin by p-/r Method 

o Nominal Rutter Point by \i Method 


Figure 2. Flutter Margins were computed for symmetric and antisymmetric flutter modes by the p- 
analysis method and by the traditional p-k method. 



■ Live S/VGA Display with Overlays 






Low Price/Simple Installation 

8 Strobe/Trigger Signals 

Extensive Image Processing 
& Analysis Software Available 


Call with your 
application questions 

847 - 465-1818 

http://www.epixinc.com/epix 




EPIX 



EPIX. Incorporated 
381 Lexington Drive 
Buffalo Grove. IL 60089 USA 


Tel - 847 465 1818 
Fax -847 465 1919 
epix@epixinc.com 
http: //www. epixinc . com . /epix 

©1997 EPIX. Inc. 

For More Information Write In No. 413 


NASA Tech Briefs, April 1997 


www.nasatech .com 




# Vacuum Four-Ball Tribometer for Testing Liquid Lubricants 

This is a modified version of a standard four-ball tribometer. 

Lewis Research Center, Cleveland, Ohio 


Figure 1 shows a four-ball vacuum tri- 
bometer for evaluating the perfor- 
mances of oils and greases as lubricants 
at room temperature. Tests can be con- 
ducted in air or nitrogen at atmospher- 
ic pressure, or in a vacuum. 

The configuration of the balls is 
essentially the same as that of the four- 
ball tribometer of standard D-2783-88 


of the American Society for Testing and 
Materials. The balls are precision bear- 
ing balls of AISI 440C stainless steel 
with a diameter of 0.375 in. (9.5 mm). 
The balls and associated components 
are contained in a chamber that can be 
evacuated by a turbomolecular pump 
(140 L/s) and a mechanical backing 
pump to achieve a vacuum with a resid- 


ual pressure approximately in the 
range of 10“"* to 10^ Pa. All vacuum- 
chamber flanges are of the knife-edge 
type and they are sealed by contact of 
the knife edges and copper gaskets, 
except for the chamber, which is 
equipped with a quick-access door 
sealed with an elastomeric O-ring. The 
vacuum chamber is equipped with a 
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Figure 1. The Vacuum Four-Ball Tribometer features a ball configuration like that of a standard four-ball tribometer, but the balls and lubricant cup 
are mounted in a chamber that can be evacuated. 
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Figure 2. This Wear Scar on a Ball was produced in a vacuum with a perfluoropolyether lubricant 
at a load of 600 N, a speed of 100 r/min, and a sliding distance of 366 m. 


hot-filament ionization gauge for mea- 
suring pressure, plus a mass spectrome- 
ter for use as a residual-gas analyzer. 
Frictional torque is measured during 
the test, and wear patterns on the balls 
can be examined afterward. 

The rotating upper ball is mounted 
on a spindle that is connected to an 
external motor drive via a ferrofluidic 
rotary feedthrough. The lower three 
balls are held stationary in a ball holder 
(lubricant cup) mounted on a stage, 
which can be moved vertically to press 
the lower three balls against the upper 
ball. In preparation for a test, the balls 
are immersed in and/or covered with 
the lubricant to be tested. During a test, 
the lower three balls are pressed upward 
against the upper ball with a controlled 
force, and the lower balls remain sta- 
tionary while the upper ball is made to 
rotate around its vertical axis and thus to 
rub against the lower balls. The speed of 
rotation can be set at a value between 10 
and 500 r/min. 

The vertical force and motion are gen- 
erated outside the vacuum system by a 
pneumatic cylinder and transmitted to 
the stage via a linear-motion feed- 
through sealed with a welded metallic 
bellow's. A load cell outside the vacuum 
chamber measures the vertical force. 
The force can be set at a level between 
50 and 1,032 N (11 to 232 lb). 

The stage is connected to the linear- 
modon feedthrough via a “flex pivot,” 
which is essen daily a spring that is sriff 
against axial thrust, but allows some twist 
around the axis of the shaft. The angular 
deflection of the stage during a test is 
proportional to the frictional torque 


between the upper ball and the lower 
balls, characterized by a torsional spring 
stillness of 48.6 N*m/radian (710 
ft-lb/radian). Thus, the angular deflec- 
tion is sensed by use of Hall-effect 
devices and a magnet to obtain a mea- 
sure of the frictional torque. An eddy- 
current damper suppresses torsional 
oscillations that could distort the fric- 
tional-torque measurements; this 
damper includes a yoke and magnets 
affixed to the nonrotating end of the 
flex pivot and a copper plate that is 
affixed to the rotating end and that 
intrudes into the magnetic field. 

Wear is determined by removing the 
cup from the chamber and measuring 
the diameters of wear scars (see Figure 
2) on the three stationary balls by use of 
a microscope. A stage on the microscope 
is designed so that the diameters of the 
wear scars can be measured without 
removing the balls from the cup. If nec- 
essary, the experiment can then be 
resumed, using the same set of balls. 

This work was done by William R Jones, 
Jr., Ben Ebihara , and Stephen V. Pepper of 
Lewis Research Center; Ralph Jansen of 
Ohio Aerospace Institute; Masabumi Masuko 
of the Tokyo Institute of Technology; and 
Larry S. Helmick of Cedarville College . For 
further information , unite in 44 on the TSP 
Request Card. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Lewis Research Center, Com- 
mercial Technology Office, Attn: Tech Brief 
Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. Refer 
to LEW-16194. 
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ffr Piezoelectric Flexural-Traveling- 
Wave Pumps 

Advantages would include small size, low power, and 
no sliding parts. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 



Lowest Cost 

Data Acquisition 

ADAC's new Value-Line has 
uncompromising design features 
and high quality components at 
prices below the low cost guys! 


In miniature pumps of a proposed 
type, fluids and gases would be con- 
veyed in a nearly frictionless manner in 
multiple shallow chambers formed by 
piezoelectrically actuated flexural trav- 
eling waves. These pumps could be use- 
ful in such applications as (1) injecting 
controlled small amounts of liquid 
medications and (2) sampling and vac- 
uum pumping for miniature scientific 
instruments. 

A basic piezoelectric flexural-travel- 
ing-wave pump, shown in the upper 
part of the figure, would include one or 
two stator plates with normally flat 


surfaces pressed together on the in- 
side and with piezoelectric actuators 
attached on the outside. The flow r path 
would be along the common contact 
surface of the plates. In the absence of 
piezoelectric actuation, the faying 
surfaces of the plates would remain 
flat and coincident with the common 
contact surface, so that there would 
be no gap between the plates and 
thus no flow. In other words, shut- 
off would occur automatically in the 
absence of piezoelectric actuation, 
and there would thus be no need 
for shutoff valves. 


Just check out the specs: 
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SIMPLIFIED SCHEMATIC VIEW ILLUSTRATING PRINCIPLE OF OPERATION 
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A PRACTICAL DESIGN WITH STACKED PIEZOELECTRIC ACTUATORS 


Synchronized Flexural Traveling Waves on the stator plates would form chambers that would 
convey fluid, effecting a pumping action reminiscent of peristalsis. 
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When suitably polarized and phased 
sinusoidal voltages are applied to the 
piezoelectric actuators, traveling flexur- 
al waves would be excited on the faying 
surfaces of the stator plates. The waves 
on both plates would be synchronized; 
this would cause the formation of shal- 
low chambers sealed by contact between 
the stator plates at the crests of the 
waves. These chambers would capture 
small volumes of fluid and carry them 
along as the waves propagated along the 
plates from one end to the other. It 
would be desirable to drive the piezo- 
electric actuators at the frequency of 
resonance of the desired flexural-wave 
mode; doing so would maximize the 
wave amplitude, thus maximizing the 
depth of the wave-induced chambers 
and, in turn, maximize the volumetric 
pumping rate. 

It would also be desirable to opdmize 
the configuration of the piezoelectric 
actuators to maximize the wave ampli- 
tude. A practical design, illustrated in 
the lower part of the figure, would 
involve stacked piezoelectric actuators. 
In a typical case, chamber depths up to 
about 10 pm could be achieved. The 
pumping rate could be enhanced signif- 
icantly by further optimization of 
design, including the choice of driving 
frequency (typically between 10 and 80 
kHz) in conjunction with the other 
parameters. 

In addition to eliminating the need 
for valves, these pumps would offer the 
following advantages over other minia- 
ture pumps that are scaled-down ver- 
sions of larger conventional pumps: 

• Compactness; 

• Low mass; 

• Low power consumption; 

• No sliding parts, with resultant low 
wear and high reliability; 

• Simplicity of construction; 

• Quiet operadon. 

This work was done by Yoseph Bar-Cohen , 
Benjamin Joffe, and Shyh-Shiuh Lih of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, write 
in 85 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
in vention. Inquiries concerning rights for its 
commercial use should be addressed to 

Larry Gilbert , Director 

Technology Transfer 

California Institute of Technology 

Mail Code 315 - 6 

Pasadena , CA 91125 
(818) 395-3288 

Refer to NPO-19737, volume and num- 
ber of this NASA Tech Briefs issue, and the 
page number. 
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Manufacturing/Fabrication 


e! Simpler Combustion Chamber, Nozzle, and Fabrication Process 

An ablative insert would protect against excessive temperatures. 

Marshall Space Flight Center, Alabama 


A simplified design for the combus- 
tion chamber and nozzle of a rocket 
engine has been proposed to reduce 
the time and cost of fabrication. A con- 
ventional combustion-chamber/nozzle 
assembly of the type to be replaced 
operates with active cooling; for this 
purpose, it must contain integral cool- 
ing passages fed by manifolds. The fab- 
rication of such a complex object in one 
integral piece involves processing of 
numerous piece parts through numer- 
ous steps of machining, plating, weld- 
ing, and brazing, leading to long fabri- 
cation time and high cost. The pro- 
posed combustion-chamber/ nozzle as- 
sembly would not be actively cooled, so 
that there would be no need for cooling 
passages, and fabrication would be sim- 
plified and accelerated accordingly. 


The proposed combustion chamber 
and nozzle (see figure) would include a 
shell of refractory metal (e.g., a niobi- 
um-based alloy). An integral flange 
would be formed at the upper end of 
the shell. To provide some thermal pro- 
tection and a barrier against oxidation, 
the inner surface of the shell would be 
coated with aluminum oxide or other 
suitable material. In the combustion- 
chamber region, the shell would be fur- 
ther lined with an abladve silica pheno- 
lic insert. During operation, resins 
would boil off from the phenolic, leav- 
ing behind a char layer that would, 
along with an remaining phenolic, pro- 
tect the refractory-metal shell against 
overhearing. The thickness of the insert 
would be chosen so that the char would 
not penetrate too deeply during the 


design operating life. Inasmuch as the 
operating temperature would decrease 
toward the exit (lower) end of the noz- 
zle, the thickness of the insert would be 
made to taper down to the point where 
the coated refractory metal could sur- 
vive without further protection. 

The shell would be fabricated by vac- 
uum plasma spraying (VPS) on a graph- 
ite mandrel. Optionally one could 
first apply the aluminum oxide or 
other thermal/oxidation-barrier layer 
to the mandrel by either a traditional 
coating technique or VPS. If this 
option were selected, then VPS would 
be started — initially with the ther- 
mal/oxidation-barrier material, then 
making a gradual transition to the 
refractory alloy, then continuing with 
the alloy to obtain the required thick- 



COMBUSTION CHAMBER AND NOZZLE REFRACTORY METAL SHELL DEPOSITED 

ON GRAPHITE MANDREL 


The Combustion Chamber and Nozzle would be made in only two pieces: a refractory metal shell with a silica phenolic insert bonded inside. 
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ness. The other option would be to de- 
posit only the alloy by VPS, then coat the 
inner surface of the shell with a silicide 
after completion of deposition and re- 
moval of the shell from the mandrel. 
The alloy w r ould be deposited to extra 
thickness at the upper end; the thick- 
ened upper end would then be machined 
to make the flange. Because of a large dif- 
ference between the coefficients of ther- 


mal expansion of graphite and the re- 
fractory alloy, the shell could be easily 
removed from the mandrel once it had 
cooled from the VPS temperature. 

The ablative insert would be made 
from silica phenolic tape wrapped on a 
steel mandrel, which would be config- 
ured to obtain approximately the con- 
tour of the interior of the combustion 
chamber. While still on the mandrel, 


the wrapped tape would be cured, then 
machined to make an insert to match 
precisely the contour of the combus- 
tion chamber. The insert would then be 
removed from the mandrel and bond- 
ed into the combustion chamber. 

This work was done by Charles S. Corne- 
lius and W. Neill Myers of Marshall Space 
Flight Center. For further information , write 
in 58 on the TSP Request Card . MFS-31 148 


VPS Fabrication of Ceramic/Metal Furnace Cartridges 

Ceramic and metal contents are graded to obtain desired properties. 

Marshall Space Right Center, Alabama 


A vacuum plasma spray (VPS) 
process has been developed for making 
thin-walled ceramic/ refractory metal 
composite furnace cartridges. These 
cartridges are used to contain and heat 
quartz ampoules that contain semicon- 
ductor materials for processing. The 
cartridges are required to resist chemi- 
cal attack by the molten semiconduc- 
tors in order to provide secondary con- 
tainment should the quartz ampoules 
leak. The use of ceramic/refractory 
metal composites for this application 


makes it possible to utilize the corro- 
sion resistance of the ceramics and the 
ductility and toughness of the metals, 
yielding robust cartridges that can 
withstand high temperatures and the 
stresses of fabrication and service. 

In this process, a furnace cartridge 
is formed by VPS on a net-size-and- 
shape graphite mandrel, to which the 
deposited ceramic/metal composite 
material does not adhere. Upon cool- 
ing to ambient temperature after VPS, 
the mandrel shrinks at a greater rate 


than the deposited material due to its 
higher thermal coefficient of expan- 
sion, so that the deposit becomes the 
desired free-standing tube and can be 
slipped off the mandrel. Mandrels of 
this type were described in “Remov- 
able Mandrels for Vacuum-Plasma- 
Spray Forming” (MFS-30005), NASA 
Tech Briefs , Vol. 19, No. 5 (May 1995), 
page 82. 

In this VPS process (see figure), re- 
fractory-metal and ceramic powders 
are injected into a gun that generates 
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a plasma flame by ionization of gases in 
a dc arc. The plasma flame melts the 
powders and accelerates the molten 
materials, depositing them on the man- 
drel. The process includes the use of a 
controlled-powder-feeding technique 
that enables the formadon of a deposit 
with a gradient of ceramic/metal com- 
position to obtain a desired combina- 
uon of thermal, mechanical, and chemi- 
cal properties. For example, one experi- 
mental tube comprised an inner layer of 
ceramic, followed by a transition layer 
of half metal/half ceramic, followed by 
a layer of metal, followed by another 
metal/ceramic transition layer, followed 
by an outer ceramic layer. 

The process also involves robotic ma- 
nipulation of the VPS gun and the 
graphite mandrel; this makes it possible 
to complete the deposition of an entire 
furnace cartridge tube in one operation. 


Typically, as the VPS gun and mandrel 
are manipulated, the VPS gun is kept 
aimed perpendicularly to the surface of 
the mandrel to obtain the greatest den- 
sity of deposition. Before deposition, 
the mandrel is preheated by operating 
the gun without the powder feed. 
Before and during deposition, the loss 
of heat from the mandrel is minimized 
by use of metal reflectors to reflect ther- 
mal radiation back into the mandrel. 

This work was done by Phillip D. Krotz, 
Douglas M. Todd, William M. Davis, 
Timothy N. McKechnie, Christopher A. 
Power, William H. Woodford, and Yoon K. 
Liaw of Rockwell International Corpora- 
tion and Richard R Holmes, Frank R 
Zimmerman , and Richard M. Poorman for 
Marshall Space Flight Center. For further 
information, write in 26 on the TSP Request 
Card. MFS-29998 
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Ceramic and Refractory-Metal Powders are injected into the plasma flame in variable propor- 
tions to deposit a graded-composition ceramic/metal composite on the mandrel. 
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» Multivariable State-Space Identification in Various Operators 

Operators can include z, 5, and s. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An algorithm for estimating the para- 
meters of state-space mathematical mod- 
els of systems with complex dynamics, 
multiple inputs, and multiple outputs 
has been developed. For example, the 
system to be modeled may be a complex, 
flexible structure instrumented with 


actuators and sensors; the data needed 
for modeling are obtained by exciting 
the structure at each of several different 
actuator locations (multiple inputs) and 
measuring the responses at several sen- 
sor locations (multiple outputs). The 
present algorithm is an extended version 


of the State Space from Frequency Data 
(SSFD) algorithm, which w-as developed 
for use in modeling such systems. The 
present algorithm provides for modeling 
in any operator of interest and is partic- 
ularly suitable for the shift operator (the 
variable z of the z-transform), the delta 
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These Frequency-Domain Transfer Functions for 4 inputs and 3 outputs illustrate the ability of the extended SSFD algorithm to estimate the parameters 
of a mathematical model of complex dynamics. 
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operator [5= (z-l)/7], (where T is the 
sampling period) or the Laplace- trans- 
form complex-frequency operator ( 5 ). 

State-space models are needed for 
designing control systems for dynamic 
systems; e.g., control systems to suppress 
vibrations in smictures. It has been found 
that realization algorithms based on 
Markov parameters can help solve this 
state-space system-identification problem. 
In the past, these algorithms were devel- 
oped primarily in the time domain. 
However, in many applications, the avail- 
able data are in the frequency domain so 
that one must compute the Markov para- 
meters from frequency-domain data. At 
this point, windowing distortions are 
often introduced. For example, an 
inverse discrete Fourier transform of the 
frequency data provides an estimate of 
the Markov parameter sequence distort- 
ed by time-aliasing effects. 

The SSFD algorithm is comprised of a 
sequence of steps involving complex 
curve fitting, sparse-matrix singular-value 
decomposition, and balanced realization 
based on Hankel singular values. The 
SSFD algorithm estimates state-space 
models for systems with complex (high- 
order) dynamics, multiple inputs, multi- 
ple outputs, and large numbers of 
unknown parameters, and is not subject 
to windowing distortions. The basic idea is 


to generate Markov parameters indirectly 
from a transfer function that has been 
curve-fitted to frequency-domain data. 

An important aspect of the SSFD algo- 
rithm is its use of overparameterization. It 
has been proven that the extra dynamics 
introduced by overparameterizing in the 
shift operator are stable, while the extra 
dynamics introduced by overparameteriz- 
ing in the Laplace-transform complex-fre- 
quency and delta operators are genetical- 
ly unstable. This leads to modifications of 
the Laplace and delta operators to ensure 
stability under overparameterization. 

The extended version of the SSFD 
algorithm has been verified by use of data 
from 4-input/3-output vibration experi- 
ments on the JPL Advanced Recon- 
figurable Control Testbed — a towerlike 
flexible-truss structure with vibration sen- 
sors and actuators. The algorithm per- 
formed complex curve fitting on the 
input and output data and estimated 780 
parameters in the fitted transfer func- 
tions (see figure). Markov parameters 
were estimated from the transfer func- 
tions, leading to a reduced multivariable 
state-space model with 100 states accurate 
over a frequency range of 100 Hz. 

This work was done by David S. Bayard of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , write in 
31 on the TSP Request Card. NPO-19168 


Q Parallel Multigrid Algorithms and Code 
for Computations of Incompressible Flows 


These algorithms are suitable for simulations of complex 
incompressible flows; the parallel code scales well on 
massively parallel processors. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A parallel numerical algorithm for solv- 
ing incompressible Navier-Stokes equa- 
tions on two-dimensional (2D) and three- 
dimensional (3D) finite-difference grids 
and a parallel multigrid algorithm for 
solving general elliptic partial differential 


equations (PDEs) have been developed, 
implemented, and tested. Numerical 
experiments show that the algorithms are 
physically robust, numerically stable, and 
computationally efficient. The parallel 
solver package developed is highly modu- 
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The 3D Global Computational Grid (left) is partitioned into a set of rectangular subgrids. Each sub- 
grid is assigned to a processor in a 3D processor array (right). 
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la r, it can either be used as a stand-alone 
flow solver or be used as a template that 
can be modified or extended to solving a 
variety of physics and engineering flow 
problems; the elliptic kernel in the solver 
package can be used to solve elliptic 
equations on vertex<entered, cell-cen- 
tered, and staggered grids. 

The numerical Navier-Stokes algo- 
rithm used here is a second-order projec- 
tion method applied to a staggered grid. 
Projection method is a type of operator- 
splitting method in which one solves the 
differential equations of the pressure and 
the velocity' fields separately in an itera- 
tive procedure. At each time step, the 
momentum equations are solved first for 
an intermediate velocity field without the 
knowledge of the correct pressure field, 
and therefore no incompressibility con- 
dition is enforced. The intermediate 
velocity field is then corrected in a “pro- 
jection" step in which one solves a pres- 
sure equation with properly derived 
boundary conditions and then uses the 
computed pressure to produce a diver- 
gence-free velocity field. The computa- 
tion kernel used for computing interme- 
diate velocity and pressure fields is a par- 
allel multigrid solver based on “V-cycle" 
and “full-V-cycle" schemes. Multigrid 
schemes are a class of highly efficient iter- 
ative algorithms in which a set of hierar- 
chical fine and coarse computational 
grids is used to compute a solution on 
the finest computational grid, a detailed 
description of which lies beyond the 
scope of this article. Briefly, V-cycle 
scheme performs solution relaxation, 
residual restriction, and solution correc- 
tion in a recursive fashion on fine and 
coarse grids, while full-V-cycle scheme is a 
generalization to the V-cycle scheme with 
a higher convergence rate. These multi- 
grid schemes are optimal in solving ellip- 
tic problems in that the numerical solu- 
tion can be obtained in a time propor- 
tional to the number of unknowns on the 
finest computational grid. 

The overall approach for the parallel 
implementation is a domain-decomposi- 
tion strategy in which the computational 
(finest) grid is partitioned into multiple 
rectangular subgrids, each subgrid and 
its derived coarse grids being assigned to 
a processor in a logically rectangular 
processor array (see figure). Values at 
grid points lying on “partition boundary 
layers" (the thicknesses of which are usu- 
ally dictated by the specific numerical 
schemes used) are exchanged among 
neighboring processors in the form of 
“messages" to ensure a correct imple- 
mentation of the corresponding sequen- 
tial numerical algorithms on the global 
computational grid. To deal with coarse 
grid processing in multigrid schemes, a 


set of (logically) hierarchical coarse 
processor arrays are constructed in a 
preprocessing step of the code. 

The 2D and 3D parallel solver codes 
can readily be scaled to a large number of 
processors on the Intel Paragon and Cray 
T3D parallel processors for problems with 
moderate granularity. Several message- 
passing protocols (MPI, PVM, and Intel 
NX) have been coded into the solver 
package to make the code portable to sys- 
tems that support one or more of these 
protocols for interprocessor communica- 
tions. The flow solver was tested for both 
numeral and parallel performances on a 
few model problems. Numerical experi- 


ments include a driven-cavity flow at 
Reynolds numbers of 5,000, 1(T, and 10 6 , 
and a doubly-periodic in viscid-shear flow. 
Parallel performances were measured, on 
a JPL 256-node Cray T3D system and a 
Caltech 512-node Intel Paragon system, 
in terms of speed-up in which the code 
was run on a different number of proces- 
sors for a fixed global grid size, and scal- 
ing in which the code was run on a dif- 
ferent number of processors for a fixed 
local subgrid size in each processor. 

This work was done by John Z Lou of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, write 
in 81 on the TSP Request Card NPO-19593 
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@ Advanced Semicontainerless Crystallization of Proteins 

Crystals are formed suspended in liquids. 

Marshall Space Flight Center, Alabama 


Advanced methods for the semicon- 
tainerless growth of protein crystals are 
undergoing development. Each method 
involves dynamic manipulation, to vari- 
ous degrees, of one or more of the many 
parameters and conditions that affect 
the rates of growth, the quantities, and 
the types and degrees of imperfection of 
the crystals. These parameters and con- 
ditions include geometry, temperature, 
humidity, salinity, pH, concentrations of 
proteins in solutions, and concentra- 
tions of such other substances as sol- 
vents and precipitating agents. 

“Semicontainerless,” as used here, sig- 
nifies that the crystals are not formed in 
contact with solid supports; instead, the 
crystals are made to grow suspended in 
liquids. The basic idea is to isolate each 
growing crystal from the adverse effects 
that would otherwise be exerted on its 
crystalline structure by a solid surface 
and by other, differently oriented grow- 
ing crystals that would form on that sur- 
face. Of course, a liquid suspension envi- 
ronment can also affect a growing crys- 
talline structure adversely, but the devel- 
opment of semicontainerless growth is 
motivated by the expectation that in 
many if not most cases, one could obtain 
crystals that are larger and more nearly 
perfect than are those grown by older 
techniques on solid supports. 

One older method for semicontainer- 
less growth of protein crystals is the 
hanging-drop method, which has been 
described previously in NASA Tech Briefs. 


More recently, four advanced methods 
have been investigated. These methods 
involve (1 ) stacking of layers of immisci- 
ble fluids, (2) gels under oil, (3) emul- 
sions, and (4) lattices of bubbles. 

In the layer-stacking method, one 
uses three or more immiscible fluids of 
different mass densities. In the simplest 
version of this method, a drop of an 
aqueous solution that contains the pro- 
tein to be crystallized is placed on top of 
a denser liquid (e.g., perfluorodecalin), 
and an oil or other less dense liquid is 
placed on top (see figure). Together, 
the bottom and top layers suspend the 
protein solution in isolation from solid 
supports, and the top layer retards evap- 
oration from the protein solution, as is 
necessary to ensure crystal growth at the 
optimum rate. 

In the gel-under-oil method, the pro- 
tein solution is contained within a gel, 
which is covered with an oil to retard 
evaporation. Growth takes place in the 
gel, w r hich is used to prevent both unde- 
sired buoyant mixing (convection) of the 
protein solution and undesired sedimen- 
tation of crystals through the solution. 

The present emulsion method differs 
from an older emulsion method that 
involved crystallization of protein in isolat- 
ed drops, followed by coalescence of the 
growing crystals. In the present emulsion 
method, the protein solution is the con- 
tinuous phase, and growth takes place as 
though in a loose gel; the discontinuous 
emulsified phases cushion growing crys- 



The Layer-Stacking Method is one of four ad- 
vanced methods of semicontainerless growth of 
protein crystals. The crystals precipitate from the 
protein solution as water evaporates, driving the 
solution to supersaturation. The oil layer retards 
evaporation to a required low rate. 


tals against sedimentation and suppress 
convection. 

In the bubble-lattice method, bubbles 
are formed by blowing air through a pro- 
tein solution, then the bubbles are formed 
into a nearly two-dimensional lattice 
between two microscope slides. Crystals 
grow on the faces of the bubbles as evap- 
oration into the interiors of the bubbles 
drives the faces of the bubbles toward 
supersaturation, while capillarity supplies 
the growing crystals with more protein. 

This work was done by David A. Noever 
of Marshal] Space Flight Center. For fur- 
ther information, unite in 28 on the TSP 
Request Card. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-3 1046. 


@ Ring Method for Crystallization of Proteins 

Rings provide additional control over crystallization conditions. 

Marshall Space Flight Center, Alabama 


The ring method of crystallization of 
proteins involves the use of wire rings to 
shape drops of protein solutions and/or 
position those drops with respect to adja- 
cent and surrounding liquids. The ring 
method can serve as an alternative to the 
methods described in the preceding arti- 
cle “Advanced Semicontainerless Crystal- 


lization of Proteins” (MFS-3 1046). Rings 
can be added to protein-crystal-growth 
apparatuses along with position sensors, 
position actuators, and position-control 
circuitry to provide additional degrees of 
freedom for control of crystallization con- 
ditions and thereby afford additional 
opportunities to optimize crystallization 


processes to obtain larger, higher-quality 
protein crystals for use in biomedical and 
pharmaceutical research. 

Four versions of the ring method have 
been tested thus far in experiments on 
growing crystals of hen egg-white lyso- 
zyme. In the first version, a drop of pro- 
tein solution rests on an appropriately 
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sized single ring in air, so that water can 
evaporate through the nearly spherical 
surface of the drop. The evaporation 
increases the concentration of the pro- 
tein, eventually resulting in supersatura- 
tion and crystallization of protein. The 
drop can be monitored visually to 
observe the crystal (s) forming within it. 

In the second version, a drop of protein 
solution is held between two rings (see fig- 
ure) in air or in oil. The axial distance 
between the rings can be increased or 
decreased to lengthen or flatten the drop. 

In the third version, a drop of protein 
rests on a single ring in a container of oil. 
The ring can be raised or lowered to con- 
trol the position of the drop with respect 
to the top surface of the oil. Typically; the 
height is set so that the drop protrudes by 
a small, controlled amount, providing a 
small, controlled area for evaporation of 
water from the drop. 

In the fourth version, as in the third 
version, a drop of protein solution rests 
on a single ring in a container, but in this 
case, the drop is positioned at an inter- 
face between two liquids that include sol- 
vents that are immiscible with each other 
and with the water of the aqueous pro- 
tein solution. These liquids can be cho- 
sen, for example, to contain solutes (e.g., 
salts and precipitating agents) that are to 
be transported to the protein solution. 

Other versions of the method have 
been proposed. For example, rings could 
be made in noncircular shapes to obtain 
different evaporative conditions. Alter- 
nately, combinations of three or more 
rings could be used to suspend multiple 
adjacent drops and to control flows of 
solutes among drops by exploiting such 
effects as surface tension and gradients of 
salinity. 

This work was done by David A. Noever 

u/ Marshall Space Flight Center. For fur- 
ther information , write in 29 on the TSP 
Request Card. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Marshall Space Right 
Center; (205) 544-0021. Refer to MFS-3 1047. 


<§> Crystallizing Proteins in Thin Wafers 

Crystals are grown in thin gaps between parallel flat plates. 

Marshall Space Flight Center, Alabama 


Drop of 
Aqueous 
Protein 
Solution 


The Rings Can Be Used to Flatten or Lengthen 

the drop of protein solution, and/or to make the 
drop protrude partly above the top of the oil. 
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An experiment has demonstrated the 
feasibility' of a method of crystallizing 
proteins in thin, nearly two-dimension- 
al wafers. The method exploits a com- 
bination of capillary' action and diffu- 
sion within a growth chamber or well 
bounded by two smooth, closely spaced, 
parallel plates. The ability to produce 
thin, nearly two-dimensional crystalline 


protein wafers raises the possibility of 
novel applications in optoelectronics 
and electron microscopy in biomolecu- 
lar systems. 

The method (see figure) is best 
explained by describing the experi- 
ment, in which tetragonal crystals of 
lysozyme were grown from an aqueous 

continued on page 81 
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are described. Tel: 216-232-8600; Fax: 216-232-8731. 


Morgan Matroc Inc. 

For More Information Write In No. 347 




ADVANCED COM- 
POSITE TRAINING 

Abaris Training offers 14 different 
“hands-on” workshops in advanced 
composite materials technology. 
These workshops cover fabrication, 
repair, manufacturing, tooling, 
print reading, adhesive bonding, 
ultrasonic inspection of composites, resin transfer molding, 
and several engineering workshops. Emphasis is placed on 
glass, carbon, and aramid fiber materials and processes, uti- 
lizing vacuum bagging, and oven and autoclave curing. 
Three workshops are Canadian D.O.T. approved. For a free 
brochure, call toll-free: 1-800-638-8441; Fax: 702-827- 
6599; http://www.abaris.com. Abaris Training Resources, 
Inc, 5401 Longley Lane, Suite 49, Reno, NV 89511. 

Abaris Training Resources, Inc. 

For More Information Write In No. 342 



FREE HIQ 
EVALUATION 
SOFTWARE 

National Instruments offers HiQ® 
for Windows, featuring ActiveMath™ and visualization 
tools for Microsoft Office. HiQ on Windows NT or 
Windows 95 uses ActiveX™ (OLE) for integration with 
Microsoft Office and Microsoft’s OpcnGL 3D graphics 
library, making advanced technical calculation, data visual- 
ization, and documentation solutions more cost-effective 
and simpler for technical professionals. Call for your FREE 
HiQ evaluation software. National Instruments, 6504 
Bridge Point Pkwy., Austin, TX 78730; Tel: 512-794-0100 
or 800-433-3488; Fax: 512-794-8411; E-mail: 
info@natinst.com; http://www.natinst.com. 

National Instruments 

For More Information Write In No. 345 


AIR MOVERS 

Air Amplifiers convey, vent, 
exhaust, cool, dry, and clean - 
with no moving parts. Using 
a small amount of compressed 
air as a power source, Air 
Amplifiers move large vol- 
umes of surrounding air to 
produce high-velocity outlet 
flows. Air amplifiers are com- 
pact, durable, portable, and maintenance-free. 
Applications include small parts conveying; venting 
fumes; and cleaning, drying, or cooling parts. EXAIR 
Corporation, 1250 Century Circle North, Cincinnati, 
OH 45246; Tel: 800-903-9247; Fax: 513-671-3363; E- 
mail: techelp@exair.com; http://www.exair.com. 

EXAIR Corporation 

For More Information Write In No. 348 
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NEW BRUSH- 
LESS DC 
MOTORS 
CATALOG 

Describes API Haro we ’s small- 
frame brushless DC motors in 
sires 05 to 21. Available for a 
variety of applications, includ- 
ing industrial, commercial, medical and aerospace, these 
motors feature unique threaded bodies to accept gear- 
heads and/or flanges. These motors are equipped with 
Hall-effect sensors and arc capable of 75,000+ RPM. API 
Harowe Inc., 110 Westtown Rd., West Chester, PA 
19382; Td: 800-566-5274 or 610-692-2700; Fax: 610- 
696-4598. 

API Harowe Inc. 

For More Information Write In No. 349 


METAL BELTS 
AND DRIVE 
TAPES 

This general product brochure 
describes the various attributes 
that make metal belts and 
drive tapes an exceptional and 
exciting option for design 
engineers. Manufactured by 
Belt Technologies for 25 years, 
this unique family of products has helped design engineers 
overcome challenging application requirements in the elec- 
tronics, aerospace, biomedical, optical and packaging 
industries. Belt Technologies, Inc, PO Box 468, Agawam, 
MA 0 1 00 1 ; Td: 4 1 3-786-9922; Fax: 4 1 3-789-2786. 

Belt Technologies, Inc. 

For More Information Write In No. 352 




ALGOR 
PROVIDES "4- 
WAY" INFO ON 
THE WORLD 
WIDE WEB 

Algor's Internet place has detailed information on four 
product lines. Discover Houdini, Algor’s automatic CAD 
solid modd to 8-node "brick" mesh converter. Learn about 
Algor FEA, including case histories. Preview engineering 
videos, books and multimedia. See all new integrated pip- 
ing/ vessel/ plant design software. If you do not have Internet 
access, call for free info. Algor, Inc.; E-mail: 
info@algor.com; URL: http://www.algor.com; Tel: 412- 
967-2700; Fax: 412-967-2781. 

Algor, Inc. 

For More Information Write In No. 355 



WORKBENCHES 
& SYSTEMS CD- 
ROM CATALOG 

This interactive multimedia 
presentation covers Teclab’s 
complete line of workbenches and laboratory systems fur- 
niture. Designed for Windows™, the CD-ROM presen- 
tation features hundreds of benches, induding complete 
product specifications. Meeting the Challenge, Tedabs 
introductory video presentation, highlights unique fea- 
tures and benefits of a Tedab bench. You select what you 
want to sec by simply dicking on the icons that interest 
you. Tedab, 6450 Valley Industrial Drive, Kalamazoo, 
MI 49009; Tel: 800-832-5227; Fax: 616-372-6116; 
http://www.tedab-bcnch.com 

Teclab 

For More Information Write In No. 358 



BURST 
PRESSURE 
TESTER 

Advanced Pressure Products 
has developed a fully auto- 
mated computer controlled 
burst pressure testing system. The system is designed to 
determine the exact pressure of failures at controlled pres- 
surizing rates. 

• Test accuracy up to .05% of foil scale 

•Leak or burst pressure resolution within .01% of foil scale 

• Testing pressure designated by operator up to 60,000 
PSI for hydraulic systems or 5.000 PSI for pneumatic sys- 
tems. Advanced Pressure Products, 83 Brown Rd., Ithaca, 
NY 14850; Td: 800-277-8258; http://www.pmiapp.com. 

Advanced Pressure Products 


For More Information Write In No. 350 


MASS FLOW 
APPLICATIONS 
HANDBOOK 
VOL II 

VOL II of all -new applica- 
tions handbook from ABB 
K-Flow graphically illus- 
trates a wide variety of Cori- 
olis flow process configura- 
tions with ABB K-Flow 
flowmeter system appropri- 
ate for each application. Updated applications involving 
Mass (Liquid, CNG, Multi-component), Density (SG, 
API. Brix), % Solids, % Liquids, PID, Ratio Blending, 
Batching, Proportioning, and others are induded. 

ABB K-Flow 

For More Information Write In No. 353 




NEW INTERAC- 
TIVE CD-ROM 
BASED ON 
ENGINEERING 
“BEST-SELLER” 

A comprehensive FEA CD-ROM/tcxtbook that blends 
theory & real-world engineering examples. Dr. 
Constantine Spyrakos, well-known finite element stress 
and vibration analysis expert, has created a reference for 
all engineers from designers to “gurus." CD-ROM 
indudes search capabilities, Internet-type browser & 3D, 
full-color graphics. Hard- and soft-cover books include 
every example problem on disk. APD; Tel: 800-482- 
5467; URL: http://www.algor.com/apd; E-mail: 
apd@algor.com. 

APD 

For More Information Write In No. 356 


Hiram Jones Electron- 
ics, Inc./A Division of 
the Scastrom Hardware 
Group manufactures a 
complete line of stan- 
dard miniature and sub- 
miniature terminals 
induding: insulated test 
jacks, assembled stand- 
offs and press- type ter- 
minals. All standard cat- 
alog items are available 
for immediate pricing 
and ddivery. Call today for your free 27-page catalog: 
800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Write In No. 359 




S POROSITY 
TESTER 

PMI's Aquapore 2000A 
leads the industry in pore 
analysis of hydrophobic 
materials. Ely using water as 
the non-wetting fluid, the 2000A is designed to avoid 
problems associated with mercury in laboratory environ- 
ments. The Windowsd>-bascd software can produce hard 
copy reports and interface with spreadsheet programs. 
The user-friendly software allows control, measurement, 
and data collection at the dick of a mouse. Pure liquid 
(water or industrial alcohol) is used with precise pressure 
control. NO MERCURY REQUIRED! Porous 
Materials, Inc., 83 Brown Rd., Ithaca, NY 14850; Td: 
800-825-5764; http://www.pmiapp.com. 

Porous Materials, Inc. 

For More Information Write In No. 351 



PRESSURE GAUGE 
CALIBRATION 
SYSTEM 

APP introduces the Complete 
Pressure Gauge Calibration System (CPGCS). The 
CPGCS provides the solution to a wide variety of pressure 
gauge testing and calibration needs. The system indudes a 
precision pressure controller with a high -accuracy master 
pressure gauge, a manifold for easy connection of test pressure 
gauges (slave gauges) and a folly automated data acquisition 
system. Controlled by Windows®-based software, the sys- 
tem also provides flexible test and graphics output. The cal- 
ibration process can be performed automatically or manual- 
ly. Advanced Pressure Products, 83 Brown Rd., Ithaca, NY 
14850; Td: 800-277-8258; http://www.pmiapp.com. 

Advanced Pressure Products 

For More Information Write In No. 354 



NEW KIND OF 
MULTIMEDIA 
VIDEO 

TEACHES FEA 
LESSONS 

Finite Element Analysis in Actuml is a new kind of instruc- 
tional video for engineers. Available on VHS tape or inter- 
active, multimedia CD-ROM, the video packs a lot of 
information into a short running time of only 26 minutes. 
Live lab experiments and FEA analysis arc conducted to 
show how to better use any FEA software. Demonstrates 
specific modeling and analysis techniques. Tel: 1-800- 
482-5467; URL: http://www.algor.com/apd.htm; 
E-mail: apd@algor.com. 

APD 

For More Information Write In No. 357 



STEP & SERVO 
MOTOR CATALOG 

Compumotor s 408-page catalog cov- 
ers motion control products. The 
Engineering Reference section covers 
motor, drive & feedback technologies 
with illustrated examples, how-to sec- 
tion, and glossary of terminology. Second section covers 
Brushless Servo motors, amplifiers, controls, and support 
software. Third section features Microstepping, 
Ministepping & Linear Step Motor systems, indexers & 
encoders. Also, software to assist in the start-up and opera- 
tion. Parker Hannifin Corp., Compumotor Div.; Tel: 800- 
358-9070; Fax: 800-328-8087. 

Parker Hannifin Corp., 
Compumotor Div. 

For More Information Write In No. 360 
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BERG PRECISION 
MECHANICAL 
COMPONENTS 
CATALOG 

The B97 Catalog has 616 pages of 
specs and design data for over 
60,000 precision mechanical compo- 
nents available from an extensive 
stock and custom manufacturing. Included are over 50 
pages of new products and expanded lines: chains, belt 
drives, gears, assemblies, breadboards, linear components, 
hardware, fasteners, couplings, keys, shafts, clutches, bear- 
ings, and vibration damping components. W.M. Berg, Inc., 
499 Ocean Ave., East Rockaway, NY 1 1518; Tel: 800-232- 
BERG; Fax: 800-455-BERG; http://www.wmberg.com. 

W.M. Berg, Inc. 

For More Information Write In No. 361 



WORLD OF 
CLAMPING 

The World of Clamping intro- 
duces DE-STA-COs new line 
of high-strength composite 
clamps, details their remaining 
line of approximately 500 tog- 
gle clamps, and features 
expanded dimensional and 
application information. DE-STA-CO s toggle clamp line 
includes hold-down, latch, straight-line, and squeeze- 
action clamps. This catalog also contains DE-STA-CO s 
pneumatic and hydraulic clamping systems. (Catalog 
197) DE-STA-CO, PO Box 2800, Troy, MI 48007; 810- 
594-5600; http://www.destaco.com; E-mail: cust.srv 
@des taco.com. 

DE-STA-CO 

For More Information Write In No. 364 




MAGNAPLATE- 
APPLIED TUFRAM® 
COATINGS PROTECT 
ALUMINUM 

TUFRAM® surface-enhancement 
coatings protect aluminum and alu- 
minum alloys against corrosion, 
abrasion, moisture, and wear. They create harder-than- 
steel, permanently dry-lubricated, non-stick surfaces that 
dramatically improve wear life, prevent chemical attack, 
and exhibit excellent release properties. Many meet 
USDA/FDA codes. General Magnaplate Corp., 1331 
Rte. 1, Linden. NJ 07036; Tel: 800-852-3301; Fax: 908- 
862-6110; E-mail: info@magnaplate.com; http:// 
www.magnaplate.com. 

General Magnaplate Corp. 

For More Information Write In No. 367 


POWDER 
METALLURGY 
DESIGN 
SOLUTIONS 

This 20-page brochure, pub- 
lished by the Powder 
Metallurgy industry trade 
association, is yours free for 
the asking. It features cost- 
effective design solutions 
and new ways to handle parts fabrication. Metal Powder 
Industries Federation, 105 College Road East, Princeton, 
NJ 08540; Tel: 609-452-7700; Fax: 609-987-8523; 
http://www.mpif.org. 

Metal Powder Industries 
Federation 

For More Information Write In No. 370 



THE SOURCE 
FOR ELEC- 
TRONIC & 
MECHANICAL 
HARDWARE 

Seastrom takes pride in 
offering one of the widest 
selections of standard elec- 
tronic and assembly hard- 
ware available from stock. 
Seastrom’s 66-A Catalog 
provides a complete source for over 45,000 products. For 
a free 550-pagc catalog, call 800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Write In No. 362 
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COOL ELECTRONIC 
CABINETS 

Compact Cabinet Coolers arc the 
low-cost, reliable way to cool and 
purge electronic control panels, 
eliminating CFCs, fans, and filters. 
The coolers incorporate a vortex 
tube to produce cold air from ordi- 
nary compressed air. No moving parts assures long life 
and maintenance-free operation. NEMA 4, 4X, and 12 
models available. Literature gives selection data and speci- 
fications. EXAIR Corporation, 1250 Century Circle 
North, Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 
513-671-3363; E-mail: techelp@exair.com; http:// 


Cod electronic controls! 
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FREE LAMP 
CATALOG 

Bulb Direct, Inc. sells 
replacement specialty 
lamps for A/V, photo- 
graphic, stage, studio, 
video, micrographic, and 
graphic arts equipment, 
plus medical and electronic 
instruments. We offer 
brand names with two-day air delivery at no extra cost! 
New this year... Specialty Energizer Batteries. Bulb Direct 
Inc., 1 Fishers Rd., Pittsford, NY 14534-9511; Tel: 800- 
772-5267 or 716-385-3540; Fax: 716-385-4976. 

Bulb Direct, Inc. 

For More Information Write In No. 363 



www.exair.com. 


EXAIR Corporation 

For More Information Write In No. 365 


NEW! OPTICS & 
IMAGING CATALOG 

Edmund Scientific’s free 260-page cat- 
alog features our exclusive Integrated 
Optical Component Mounting System 
and one of the largest selections of pre- 
cision off-the-shelf optics and optical 
instruments. Our precision off-the-shelf optics, TechSpec™ 
Optics and optical components can take you from design, to 
prototype, to final production. We provide technical design 
and production solutions. Over 8,000 scientific and technical 
products, including magnifiers, lasers, microscopes, tele- 
scopes, “machine vision,” and video microscopy. Tel: 609- 
573-6259; Fax: 609-573-6233; E-mail: indopt@edsd.com. 

Edmund Scientific Co. 

Industrial Optics Division Dept. B971, N954 

For More Information Write In No. 366 



ELECTRONIC 
HARDWARE 
NEW CATALOG ‘97 

Globe’s FREE ‘97 Electronic 
Hardware catalog details the most 
comprehensive line, including: han- 
dles, ferrules, jack screws, standoffs, 
spacers, captive panel screws, panel 
screw retainers, thumb screws, shoulder washers, and 
more. Available in American or metric standards with 
over 40 protective finishes and performance materials, 
and 10 different metal and nylon materials. Globe 
Electronic Hardware, PO Box 770727, Woodside, NY 
11377; Tel: 800-221-1505 or 718-457-0303; Fax: 718- 
457-7493; http://www.globe-elec-hdwe.com. 

Globe Electronic Hardware 

For More Information Write In No. 368 




1997 PCMCIA 
PRODUCTS CATALOG 

\J,e i The new PCMCIA-PC CARD sun- 

dard has been incorporated into 
many new applications such as: Data- 
logging, agriculture, digital film, and 
wireless communications. Envoy 
Data has just released its new catalog 
for these new applications plus many other products like: 
memory, I/O (serial, parallel, SCSI, A/D, etc.) cards; PC 
card drives for ISA, IDE, SCSI, etc.; along with industrial 
card and drives, multimedia, industrial, and engineering 
tools for PCMCIA applications. Envoy Data 
Corporation, 6 E. Palo Verde, #3, Gilbert, AZ 85296; 
Tel: 602-892 0954; Fax: 602-892-0029; E-mail: 
info@envoydata.com; http://www.envoydata.com. 

Envoy Data Corporation 

For More Information Write In No. 371 


AUTOMATION 
CONTROLS & 
COMPONENTS 

New Automation Controls & 
Components Selector Guide pro- 
vides overview of pneumatic and 
electronic industrial automation 
components and controls avail- 
able from Festo. Over 90 product 
categories in 24-page brochure, covering control systems, 
PLCs, Fieldbus manifolds, sensors, pneumatic cylinders, 
valves and accessories. Education/Training programs in 
automation control technologies described. Contact: Festo 
Corporation, 395 Moreland Road, Hauppauge, NY 
11788; Tel: 516-435-0800. 

Festo Corporation 

For More Information Write In No. 369 


JOURNAL OF 
PHASE 
EQUILIBRIA 

Subscribe for one year and 
save 20% (first-time sub- 
scribers only). This journal 
includes original research on 
attaining or preventing phase 
equilibria, and the use of 
data when evaluating alloys 
for high-tech applications. Includes reliable research, 
applications, updates, and critical phase diagram evalua- 
tions authored by international experts. Call 1-800-336- 
5 1 52 for a FREE preview package. 0445JPE336 

ASM International 

For More Information Write In No. 372 
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EMI/RFI SHIELDING 
PRODUCTS 

New catalog details hundreds of 
standard gaskets and grounding 
strip variations, engineered to meet 
the most common shielding appli- 
cations. Standard as well as custom 
designed shields are manufactured 
from Beryllium, Copper, and other High-performance 
materials. Special finishes and a variety of mounting 
methods are offered. For World Class quality and service 
call 201-890-7455 or visit our Web Site at: 
http://WWW.OMEGASHIELDING.COM; E-mail: 
SAIJLS@OMEGASHlELDING.COM. 

Omega Shielding Products Inc. 

For More Information Write In No. 373 



DIGITAL 
PRESSURE 
SCANNER 

Model DSA3017/3018 features 
Ethernet-ready TCP/IP proto- 
col, 0-750 psi pressure range, 
±0.05% FS accuracy, and 200 
samples/channel/sec. Measures 
both gas and liquid pressures. 
Incorporates 16 temperature-compensated piezoresistive 
pressure sensors with a microprocessor and A/D in a self- 
contained module. Microprocessor-controlled internal 
valve performs online zero calibrations. Pressure data are 
output in engineering units. Scanivalve Corp.; Td: 800- 
935-5151 or 509-891-9970; Fax: 509-891-9481. 

Scanivalve Corp. 

For More Information Write In No. 376 




CAD/CAM/CNC - 
WHAT TO KNOW 
BEFORE YOU BUY 

New, free 112-page primer (H835) 
explores what to know before you 
invest in CAD/CAM/CNC technolo- 
gy. A comprehensive technical section covers: scanning, 
tooling, ffxturing & stepper vs. servo motors. Application 
case histories in wood, plastic, model making, engraving, 
education and more show how CNC routers can expand 
business as well as provide quick payback. Includes selec- 
tion specifications for 1 1 CNC router systems and 9 soft- 
ware packages. Techno-isel, 2101 Jericho Tpke., Box 
5416, New Hyde Park, NY 11042-5416; Tel: 800-948- 
3246; Fax: 800-737-7436; http://www.tcchno-isel.com. 

Techno-isel 

For More Information Write In No. 379 


n TOOLS, TOOL 
11 KITS, CASES 
^ & TEST 
EQUIPMENT 

Free 368-pagc color catalog 
features over 100 standard 
tool kits for installation, field 
service, and repair. Extensive 
stock case selection with tool 
kit modification details. 
Computer test equipment indudes osdlloscopes, SIMM 
testers, EPROM testers, bcnchtop test equipment, and 
more. Contains photos, descriptions, specifications, price 
breaks, index, and order form. Specialized Products Co.; 
Td: 800-866-5353; Fax: 800-234-8286. 

Specialized Products Co. 

For More Information Write In No. 382 



TOOLING 
COMPONENTS 
AND CLAMPS 

This 570-page catalog con- 
tains an assortment of com- 
ponents including toggle 
clamps, modular fixturing, 
clamping devices, power 
workholding, chuck jaws, 
pins, knobs, drill bushings, 
leveling feet, and much more. Carr Lane Manufacturing 
Co., 4200 Carr Lane St., PO Box 191970, St. Louis, 
MO 63119-2196; Tel: 314-647-6200; Fax: 314-647- 
5736. 

Carr Lane Manufacturing Co. 

For More Information Write In No. 374 
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ACCELER- 
OMETERS 

New 108-page catalog of 
Entran’s Accelerometers with 
assodated power supplies, ampli- 
fiers & signal conditioning. A 
broad selection: miniature to 
rugged, low and high ranges, 
wide frequency response for static 
and dynamic. Both damping and overrange stops avail- 
able. Ideal for acceleration, vibration & shock testing in 
aerospace, industrial, automotive, military & research 
applications. Many items in “OfF-the-Shelf" stock. 
Entran Devices, Inc., 10 Washington Avc., Fairfidd, NJ 
07004; Tel: 888-8-ENTRAN; Fax: 201-227-6865; 
E-mail: sales@entran.com; http://www.entran.com. 

Entran Devices, Inc. 

For More Information Write In No. 377 



AURUM® HEAT- 
RESISTANT THERMO- 
PLASTIC POLYIMIDE 

AURUM Thermoplastic Polyimidc is the 
engineering plastic of choice for components facing harsh 
environments. It features 550°F heat resistance, high puri- 
ty, exceptional PV values, toughness, and tensile strength 
to 39,000 psi. AURUM is injection-moldable and avail- 
able in molding pellets & powder, film, extruded stock 
shapes, monofilaments, metal/polyimide laminates, thin 
wall tubing, and composite prepegs. AURUM is used in 
the automotive, aerospace, industrial equipment, and 
semiconductor industries. Mitsui Toatsu Chemicals, Inc., 
2500 Westchester Avc., Ste. 110, Purchase, NY 10577; 
Td: 914-251-4222; Fax: 914-253-0790. 

Mitsui Toatsu Chemicals, Inc. 

For More Information Write In No. 380 



NEW TEST & 
MEASUREMENT 
CATALOG 

Keithley s new 1997 catalog fea- 
tures 300 pages of electronic test 
and measurement instrumenta- 
tion induding DMMs, electrome- 
ters, precision sources, voltmeters, 
ammeters, source- measure units, power supplies, switch 
systems, and much more. This valuable reference guide 
includes application examples to help design a test sys- 
tem. selector guides to compare important specs, plus 
complete product specifications. Keithley Instruments, 
Inc., 28775 Aurora Rd., Cleveland, OH 44139; Tel: 800- 
552-1 1 15; Fax: 216-248-6168; http://www.krithley.com. 

Keithley Instruments, Inc. 

For More Information Write In No. 383 


NEW DATA 
ACQUISITION 
CATALOG 

Keithley MetraByte offers a 
new shortform catalog of 
analog and digital I/O 
boards, data acquisition soft- 
ware, and PC instruments 
products. This new catalog 
indudes several application 
examples and technical selec- 
tor guides that make it easy to compare specs. Keithley 
MetraByte, 28775 Aurora Rd., Cleveland, OH 44139; 
Tel: 800-552-1115; Fax: 216-248-6168; WWW: 
http://www.keithley.com. 

Keithley MetraByte 

For More Information Write In No. 375 




STRETCHING THE 
POSSIBILITIES IN 
CHEMICAL 
PROCESSING 

DuPont Dow Elastomers, a 
joint venture between the DuPont Company and Dow 
Chemical, offers high-performance products, induding 
Viton® amd Kalrez®, that meet the sealing needs of the 
chemical-processing industry. Ensure product perfor- 
mance by specifying genuine Viton for your sealing mate- 
rials. Kalrez parts have outstanding resistance to over 
1600 chemicals at temperatures to 316 # C, making it the 
best-selling material. DuPont Dow Elastomers offers you 
a broad range of innovative solutions to stretch the possi- 
bilities in scaling for the chemical processing industry. 

DuPont Dow Elastomers 

For More Information Write In No. 378 


LOAD/FORCE/ 
TORQUE CATALOG 

Catalog describes line of precision 
load, force, and torque sensors 
and related instrumentation from 
handheld to multichannd. Gram 
Sensors: 30 to IK Grams; Load 
Cells: 2.5 to 400K lbs.; Load 
Buttons: 250 to 50K lbs.; Load 
Washers: 2K to 300K lbs.; Thru-Hole Load Cell: 5 to 
30K lbs.; Torque Sensors: 10 in. oz. to 50K in. lbs.; Load 
Pins: 1.5K to 800K lbs. Transducer Techniques, Inc., 
43178 Business Park Dr., Temecula, CA 92590; Tel: 
909-676-3965; Fax: 909-676-1200; E-mail: tti@ 
ttloadcells.com; http://www.ttJoadcells.com. 

Transducer Techniques, Inc. 

For More Information Write In No. 38 1 




OMEGA’S 
PREMIER TO THE 
21 ST CENTURY™ 
EDITION 

OMEGA Engineering is proud 
to announce the release of its 
Data Acquisition Handbook, 
“The Universal Guide to Data 
Acquisition and Computer Interfaces - Premier to the 
21st Century™ Edition." This new Handbook contains 
600-plus pages of products and valuable technical infor- 
mation. Over 140 pages are dedicated to new and unique 
products. OMEGA Engineering; Tel: 800-TC-OMEGA 
(800-826-6342) or 203-359-1660: E-mail: info 
@omcga.com; http://www.omega.com. 

OMEGA Engineering 

For More Information Write In No. 384 
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OMEGA/EEM 
CATALOG 
DISTRIBUTION 

OMEGA Engineering and EEM 
(Electronic Engineers Master), 
published by Hearst Business 
Communications, have launched 
a new venture to jointly dis- 
tribute literature. The program includes the four-volume 
EEM set featuring electronic products, equipment, and 
services, along with OMEGA’s two-volume set in process 
measurement and control products. OMEGA 
Engineering; Tel: 800-TC-OMEGA (800-826-6342) or 
203-359-1660; E-Mail: info@omega.com; http:// 
www.omega.com. 

OMEGA Engineering 

For More Information Write In No. 385 
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INTERNALLY 
GAGED FORCE 
TRANSDUCERS 


Catalogs describe a complete 
line of force transducers manu- 
factured by Strainsert. 
Transducers include: flat load 
cells, tension and compression 
from 250 to 2 million pounds; 
clevis pins with 0-10 vdc and 4-20 ma outputs; tension 
links up to 400,000 pounds; load-sensing bolts and studs; 
and load indicators. “Special” designs are invited. 
Strainsert, Union Hill Industrial Park, West 
Conshohocken, PA 19428; Tel: 610-825-3310; Fax: 610- 
825-1734. 

Strainsert 
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CD-ROM ENCYCLO- 
PEDIA OF SPACE & 
THE UNIVERSE 

Great for kids and adults, this CD-ROM 
is the ultimate interactive guide for 
exploring the universe. Spend a day 
aboard the Mir space station, travel to the moons dark side, 
take a 3D tour of Venus, observe the stars from inside a mini 
planetarium. Features dozens of videos, animations, and 
audio dips, and hundreds of color photos and artides. 
Comes with 160-page “Space Facts" book. Requirements: 
486DX, 8MB RAM, Windows 3x/95, 8-bit sound card, 
double-speed CD-ROM drive. $54.95 plus $5.00 shipping 
and handling. Mail payment to: Associated Business 
Publications, Dept. F, 317 Madison Ave., New York, NY 
10017. For credit card orders or information on multi -copy’ 
discounts, call 212-490-3999. 



WAVE/COMPRESSION 
SPRING CATALOG 

Just updated, Catalog #WS-93A con- 
tains hundreds of NEW stock sizes of 
wave/compression springs available 
from stock, including spring design 
formulas, materials guide, and typi- 
cal applications. This 40-page engineering/parts manual 
describes Smalley’s exclusive edgewinding manufactur- 
ing process. SPECIAL SPRINGS ARE EASY TOO! 
Smalley springs, available from 3/8" to 84" in diameter, 
are produced by circle-coiling flat wire to exact specifi- 
cations involving no dies or special tooling charges. 
Smalley Steel Ring Co., 385 Gilman Ave., Wheeling, IL 
60090; Tel: 847-537-7600; Fax: 847-537-7698; 
http://www.ringspring.com. 

Smalley Steel Ring Co. 
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RUGGED 
MINIATURE 
SWITCH 

The Series 70 is an envi- 
ronmentally rugged line 
of lighted and unlighted 
switches. Wet, dusty or 
oily duty. DPDT MOM 
or ALT switch actions. 
Mounts on 0.700” cen- 
ters with 0.880” depth. 
Lighted pushbuttons use T-l MFB lamps. Variety of dis- 
play types, colors, and styles. StacoSwitch, 1139 Baker 
St., Costa Mesa, CA 92627; Tel: 714-549-3041; Fax: 
714-549-0930. 

StacoSwitch 
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THE ULTIMATE 
RUGGEDIZED 
PC-BASED 
ENCLOSURE 

The MEC-2000 is a trans- 
portable, ruggedized PC-based 
system developed as a reconfig- 
urable platform for field applica- 
tions. Designed to function in harsh environments and to 
support demanding applications, the MEC-2000 is con- 
figurable for test, data-logging, data acquisition, and pro- 
cess control applications where a ruggedized industrial 
computer just won’t do. Geotest, Inc., 18242 West 
McDurmott St., Irvine, CA 92614; Tel: 714-263-2222; 
Fax: 714-263-1203. 

Geotest, Inc. 

For More Information Write In No. 389 



"Technology Transfer - Today for Tomorrow" 


September 22-24, 1997 
Hynes Convention Center, 
Boston, MA 


CALL FOR PRESENTATIONS 

Over 6,000 executives and engineers and 250 exhibitors from government, industry and academia are expected 
at this 8th annual event. Any cutting-edge innovation with commercial applications will be considered. 
Accepted submittals will be slotted as either an oral session presentation or poster presentation. 

Major topic areas: (A) advanced manufacturing/prototyping/materials; (B) computers & communications; 
(C) energy; (D) environmental technology; (E) information technology systems; (F) medical & biotechnology; 
(G) microelectronics; (H) optics & lasers; and (I) sensors/instrumentation. 

Case studies and success stories can also be submitted and could describe successful government-industry part- 
nerships and technology transfers resulting from CRADAs (cooperative research & development agreements), 
licensing agreements, SBIR (small business innovation research) products/projects, and other successful vehicles 
highlighting market entry, program innovations and lessons learned. 

Submit a 2-page (maximum) abstract no later than May 1, 1997 to G. De Feis, Technology Utilization Foundation, 
317 Madison Avenue, 19th Floor, New York, NY 10017; fax: 212-986-7864; e-mail: us033236@mindspring.com. 
Include the title of your paper, topic category, your name, title, affiliation, address, phone, fax and e-mail num- 
bers. An independent review panel will judge all abstracts, based upon technical merit, innovation, and commercial 
potential. All submitters will be notified by June 1. Questions? Call George De Feis at 212-490-3999 (x254). 


Sponsors: Technology Utilization Foundation, Federal Laboratory Consortium, NASA, NASA Tech Briefs 
Host: Center for Technology Commercialization 

Cooperating Organizations: Agricultural Research Institute, American Astronomical Society, American Geophysical 
Union, American Institute of Physics, Industrial Designers Society of America, International Technology Education 
Association, National Association of Small Business Investment Companies, National Center for Manufacturing Sciences 
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, Lasers & Optronics 
TECHNOLOGY 
AWARD 
WINNER 


These words should describe your optical designs 
...as well as your OPTICAL DESIGN SOFTWARE. 

SCIOPT now offers a wide range 
of design & analysis software products: 




Bwsxia 


• OPTEC-III®: Award winning general optics design code 

|C 

: Laser resonator & beam propagation software 
-plus: High performance & extended feature version 

• CAOS Integrated Optics BPM (beam propagation method) software 

• Sigraplf-Optik: Integrated & Diffractive optics CAD layout program 

• CAPROX™: e-beam post-processing & proximity correction software 
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SCIOPT Enterprises 


e-mail: ghsciopt@ix.netcom.com 



SCIOPT Enterprises 

P.O. Box 20637 

San Jose, CA 95160, USA 

(408) 268-8934 Fx:(408) 268-9050 


PARAXIA is a trademark of Stanford University 
CAOS is a trademark of The Folytechnical Institute of Torino 
Sigrapg-Optik is a trademark of Siemens Nixdorf 
CAPROX isa trademark of Sigma-C Gmbh 
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BRIEFS 

Notes from Industry and 
the Federal Laboratories 

Acton Research Corp. of Acton, MA, 
produced two very high-rejection vacu- 
um ultraviolet (VUV) optical filters for 
the University of Wisconsin. They will be 
used in the Wide-Field Imaging Survey 
Polarimeter (WISP), a suborbital rocket 
payload funded by NASA to be used to 
obtain wide-field polarimetric images of 
the comet Hale-Bopp in the VUV. 
Shipped in December of last year, the fil- 
ters provided had a dollar value of 
$37,755. The launch of the rocket to 
observe the comet is scheduled for this 
month from White Sands, NM. 

With 1996 sales showing an 86-percent 
increase over the previous year, Big Sky 
Laser Technologies undertook a major 
expansion of its Bozeman, MT, facilities, 
the new space to be split among produc- 
don, engineering, and customer service. 
With the current phase, planned to be 
complete at the end of last month, the 
total expansion will amount to 80 per- 
cent. Greg Smolka, director of sales and 
marketing, attributed much of the 
growth to the company's medical OEM 
lines, particularly Nd:YAG and Er:YAG, 
but also pointed to continued strong 
growth in the CFR line of pulsed YAG 
lasers for scientific, military, and indus- 
trial applications. 

Big Sky has added a new shock and 
vibration testing capability that will 
enable on-site testing of lasers over any 
customer-specific shock and vibe curve. 
The lab features a new Unholtz-Dickey 
S062 vibration system — a "state-of-the- 
art test station," according to director of 
engineering Jamie Barbula, that will 
make possible refinement of "our 
rugged designs, thereby increasing sys- 
tem reliability.. ..Many of our customers 
are mounting their lasers in helicopters 
or airplanes or transporting them into 
the field, so reliability, substantiated 
through testing, is critically important." 

As of February 1, the integrated optics 
arena has a new player: BBV Design B.V. 
Based in Enschede, the Netherlands, the 
company provides design services and 
training in efficient design techniques 
for integrated optics device develop- 
ment. General manager of the new com- 
pany is Martin Amersfoort, formerly of 
Bellcore. Also on staff is Meint Smit, 
inventor of the arrayed waveguide grat- 
ing, a key component in many dense 


wavelength division multiplexing appli- 
cations. Design experience and tools are 
provided by BBV Numerical Engineer- 
ing, developers of the hierarchical 
design approach in integrated optics, 
and BBV Software, the world’s largest 
supplier of integrated optics design soft- 
ware. BBV Design B.V.'s address is 
Hengelosestraat 705, 7521 PA Enschede, 
the Netherlands; +31-53-4836342; Fax: 
+31-53-4337415; E-mail: Amers@bbv.nl. 

Late last year, Semiconductor Laser 
International (SLI) of Binghamton, NY, 
acquired an exclusive license from 
Northwestern University Center for 
Quantum Devices to develop, manufac- 
ture, and market aluminum-free high- 
power semiconductor lasers worldwide. 
The patented technology, which is said 
to increase powder levels dramatically, 
was developed by Prof. Manijeh Razeghi 
of Northwestern, who agreed to act as 
advisor to SLI in commercial implemen- 
tation. With the new year, Dr. Geoffrey T. 
Burnham, SLI’s president and CEO, 
announced that demand was so great 
that work would begin on a second 
phase of its manufacturing facility, sub- 
stantially ahead of schedule, that would 
double its size. By February, the manu- 
facturing facility's first phase, compris- 
ing 15,000 sq. ft. and a 4,000-sq.-ft. clean 
room, was in full production and order 
backlog had reached $1.3 million. 

The facility is equipped with the 
world's first molecular beam epitaxy 
crystal growth reactor incorporating the 
patented U.S. Air Force technology 
known as desorption mass spectrometry, 
a yield-increasing method for which SLI 
also has an exclusive license. 

Most recently, the company acquired 
a second Northwestern license for tech- 
nology developed by Prof. Razeghi: the 
buried-ridge laser device. Burnham 
noted the technology allowed for good 
electrical confinement, "which can be 
utilized in the digital storage industry, 
specifically the digital video disc or DVT), 
which holds eight times more data than 
a conventional CD." 

Meadowlark Optics of Longmont, 
CO, broke ground for its new research 
and manufacturing facility in Frederick, 
CO, in February. The plant, approxi- 
mately 20,000 sq. ft. in size, will occupy 
five acres in the 75-acre Meadowlark 
Business Park being developed by the 
company's president and CEO Tom 
Baur and his wife Jeanne. Meadowlark 
employs 39 researchers, engineers, and 
production workers in the manufacture 
of polarization optics. The company 
expects to move into its new quarters 
during the summer. 


Last month LightPath Technologies 
of Albuquerque, NM, introduced a new 
class of lenses fashioned from its GRA- 
DIUM™ axial gradient index glass (see 
Laser Tech Briefs , "New Products," 
October 1996, page 13a). The new fast 
GRADIUM lenses provide a 10- to 20- 
fold increase in tightness of focus and 
smallness of spot size compared with 
conventional homogeneous singlet lens- 
es, according to LightPath. The fast 
GRADIUM line includes 12 ultrafast lens 
types in sizes ranging from 5-80 mm, at 
5-125-mm focal lengths. 

In February the company announced 
an agreement with DR Technologies of 
San Diego, CA, to jointly seek U.S. gov- 
ernment contracts for GRADIUM appli- 
cations. LightPath is currently working 
on a $225,000 subcontract through DR 
Technologies to provide first a glass, 
then an acrylic, solar "light conduit" for 
a graded index solar concentrator for 
space satellite power. The team will 
together target $500 million of Defense 
Department programs for early-stage 
R&D projects that have commercial pos- 
sibilities, and $24.6 million of Defense 
Advanced Research Projects Agency 
(DARPA) funds earmarked for a new 
breed of optical sensors. LightPath also 
announced a three-year strategic al- 
liance with Hikari Glass Co., a Japanese 
lens and prism manufacturer, to in- 
crease the presence of GRADIUM in 
Asian markets. 

The Optoelectronics Group of EG&G 
Inc. has consolidated its operations, 
eliminating the names of its nine divi- 
sions and reorganizing them by product 
categories under Paul Beech, Dr. Wer- 
ner Rech, and Andre Buser as general 
managers. 

The business units folded into the 
Group contributed almost 20 percent 
of EG&G's sales total of $1.6 billion in 
1996. They include Canada of Vau- 
dreuil, Quebec (laser diodes, detectors, 
receivers); Judson of Montgomeryville, 
PA (infrared detectors); Electro-Optics 
of Salem, MA (strobe systems, flash- 
lamps, thyratrons, spark gaps, rubidium 
atom frequency standards); Pow r er 
Systems of Covina, CA (high-reliability 
power supplies); Reticon of Sunnyvale, 
CA (image sensors, CCD cameras); 
Heimann Optoelectronics of Mont- 
gomeryville, PA and Wiesbaden, Ger- 
many (IR sensors, image tubes, flash- 
tubes); IC Sensors of Santa Clara, CA 
(micromachined accelerometers, pres- 
sure transducers, microvalves) ; Vactec of 
St. Louis, MO (photocells, photodiodes, 
sensors); and Amorphous Silicon, Santa 
Clara, CA (amorphous silicon large- 
area imagers). 
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POWER PLAY: TUNABLE LASER 
DIODES HIT NEW HEIGHTS 


evelopments in high-power 
"^wavelength-tunable laser diode 
technology are revolutionizing opti- 
cal instrumentation. Compact, high- 
ly reliable low-cost tunable laser di- 
odes have attained the output power 
levels, beam quality, and spectral 
purity' of conventional solid-state 
and dye laser systems. The emer- 
gence of this commercially viable 
technology' is opening up new appli- 
cations in chemical analysis, process 
control, nonlinear frequency conver- 
sion, millimeter-wave generation, 
materials characterization, and scien- 
tific research. 

With partial support from a NASA 
Ames Research Center SBIR pro- 
gram, SDL of San Jose, CA, has re- 
cently demonstrated and is currently 
commercializing the first high- 
power single-frequency conunuously 
tunable laser diode system suitable 
for high-precision spectroscopy. In 
contrast to previously available mod- 
erate-power external cavity tunable 
laser diode sources, this new system 
increases the available diffraction- 
limited single-frequency power to 
more than 1 watt. Such power 
enables efficient nonlinear frequency 
conversion to wavelengths through- 
out the UV, visible, and mid-IR spec- 
tral regions. 

As part of the NASA SBIR program 
mentioned above, SDL developed a 
complete mid-IR source that combined 
two 1-W laser diode systems in a nonlin- 
ear crystal to provide broadly tunable 
narrow-linewidth 4.3-pm radiation for 
high-resolution carbon dioxide absorp- 
tion spectroscopy. Because this mid-IR 
source is based upon near-IR laser di- 
odes, it has several advantages over other 
mid-IR lasers, including high reliability, 
lower power consumption, room-tem- 
perature operation, and compact size. 

The high-power tunable laser diode 
system is based on a continuously tun- 
able master-oscillator power-amplifier 
(CT-MOPA) architecture that combines 
the excellent spectral properties of 
low'-power external cavity tunable laser 
diodes with the high diffraction-limited 
power attainable from semiconductor 
optical amplifiers. The master oscilla- 
tor, consisting of a laser diode coupled 
to an external cavity, generates 10-25 
mW of single-frequency continuously 
tunable radiation with less than 2 MHz 
of frequency jitter. To maintain a com- 


(a) 



Wavelength (nm) 


(b) 



Wavelength (nm) 


Figure 1. Amplifier current vs. CT-MOPA laser 
wavelength for different power levels for (a) 785-nm 
laser and (b) 965-nm laser. 


pact overall laser size and minimize ther- 
mal and mechanical fluctuations, the 
entire oscillator laser cavity volume is 
kept to less than 4 cubic inches. The 
oscillator's output beam is coupled into 
a semiconductor power amplifier, boost- 
ing the optical pow r er to greater than 1 W. 
The amplifier's output is diffraction-lim- 
ited and maintains the narrow spectrum 
of the master oscillator. 

A Commercial Version 

The broad gain spectrum of the semi- 
conductor material allows the output 
wavelength to be tuned over tens of 
nanometers by tuning the oscillator. The 
tuning ranges for CT-MOPA systems 
operating near 780 nm and 965 nm, 
shown in Figure 1, demonstrate up to 35 
nm of tunability. SDL has recently intro- 
duced the TC40, a commercial CT- 
MOPA laser system. Illustrated in Figure 
2, the TC40 provides 0.5-W single-fre- 
quency continuously tunable diffraction- 
limited radiation with complete elec- 
tronic fine and coarse wavelength con- 


trol. The technology used in CT- 
MOPA systems has been demonstrat- 
ed throughout the 650-1 140-nm 
wavelength range. 

The high power, spectral purity, 
and spatial coherence of the CT- 
MOPA output beam enables its effi- 
cient conversion, using nonlinear 
materials, to the UV, visible, and mid- 
IR spectral regions. Several gases of 
industrial and scientific importance, 
including C0 2 , CO, and CH 4 , have 
strong molecular vibrational transi- 
tions in the mid-IR, between 3 and 5 
pm, that can be used for high-sensi- 
tivity gas concentration measure- 
ments. Many atomic species have 
absorption spectra in the UV and vis- 
ible. Conversion to the mid-IR may 
be accomplished by difference-fre- 
quency mixing (DFM) of two near-IR 
laser wavelengths in a nonlinear crys- 
tal to generate radiation at the differ- 
ence of their frequencies. By mixing 
two tunable near-IR laser diode sys- 
tems, the entire 3-5-pm spectral 
range can be covered. 

SDL developed the mid-IR DFM 
source illustrated in Figure 3 for C0 2 
spectroscopy. Beams from two CT- 
MOPA laser diodes, one tunable 
between 775-790 nm and the other 
between 950-985 nm, are combined 
in a dichroic beamsplitter and 
focused into a crystal of periodically 
poled LiNbO s (PPLN). The latter is a 
nonlinear material that allows efficient 
conversion to the mid-IR of any near-IR 
wavelengths by appropriate choice of 
poling period for quasi-phasematching. 
Because of the broad tunability of the 
two near-IR systems, this mid-IR source 
can generate light over the 3.6-4. 7-pm 
wavelength range. 

In the configuration shown, the mid- 
IR system is arranged to optimally pro- 
duce radiation near 4.3 pm, in order to 
tune through the fundamental vibra- 



Figure 2. The SDL TC40 high-power single-fre- 
quency continuously tunable commercial laser 
system. 
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Figure 3. Schematic diagram of the tunable narrow-linewidth mid-IR radiation source (HWP: half-wave plate; DBS: dichroic beamsplitter). 


tional absorption lines of C0 2 . The 
absorption spectrum is measured by 
sending the mid-lR beam through a cell 
containing 10 torr of C0 2 and electroni- 
cally tuning the frequency of the 785-nm 
laser diode system using a piezoelectric 
actuator in the master oscillator's cavity. 
The absorption spectrum is shown in 
Figure 4 and demonstrates a mid-lR 
linewidth of less than 30 MHz (0.001 
cm 1 ). This linewidth is the convolution 
of the two near-IR laser linewidths, inde- 
pendendy measured to be less than 10 
MHz each. The transmission spectrum 
through a germanium etalon, shown in 
Figure 4, demonstrates the smooth con- 
tinuous tunability of the mid-IR source. 
The naiTow linewidth combined with 
the continuous tunability allows clear 
resolution of several different carbon 
dioxide isotopes. 

The NASA Connection 

Mid-lR laser sources are of interest to 
NASA because many geologically and 
biologically important gases have strong 
absorption lines in this spectral region. 
Absorption spectroscopy can perform 
simple, direct measurements of gas con- 
centrations. Measurement of the ratio of 
i2 C0 2 to n C0 2 is particularly important 
for tracing material sources and study- 
ing biological activity. Future missions to 
Mars may include onboard mid-IR laser 
sources for sample analysis. Mid-IR spec- 
troscopy has several additional NASA 
applications, including monitoring gas 
concentrations in spacecraft cabins, 
measuring atmospheric gas concentra- 
tions, and analyzing meteorites. 

Both the mid-IR source and the high- 
power CT-MOPA laser sources have 
many potential commercial applica- 
tions. Mid-IR gas sensing can be used 
for pollution monitoring of factory and 
automobile emissions. The broad wave- 
length coverage allows measurement of 
many pollutants, including NO, HF, 
and CO. Spectroscopic measurements 
throughout the visible to mid-IR can be 


used for process control in semiconduc- 
tor manufacturing, where monitoring of 
moisture content, metallizations, epitax- 
ial deposidons, and optical coadngs can 
increase device yields. Several atomic 
species with absorpuon lines in the UV 
and blue regions of the spectrum can 
be monitored by frequency-doubling 
the CT-MOPA output. Deployment of 
high-power laser diodes based on the 
CT-MOPA’s amplifier technology is 
already occurring in industrial chemi- 
cal processes and analysis. For these 
applications, a wavelength-stabilized 
laser with <10 GHz linewidth is used 
as an excitation source for Raman spec- 
troscopy. Measurement of the Raman- 
shifted spectrum from a sample can be 


performed noninvasively and returns a 
quantitadve analysis of the chemical 
composition. 

The development of high-power sin- 
gle-frequency continuously tunable 
laser diodes will enable further expan- 
sion of new spectroscopic applications. 
By offering performance that was previ- 
ously available only from tabletop-sized 
complex laser systems, this laser diode 
technology will bring powerful analyti- 
cal techniques out of development labo- 
ratories and into widespread commer- 
cial use. 

For further information, contact 
Steve Sanders, Staff Scientist at SDL; 
(408) 943-4231; Fax: (408) 943-4260. 



Wavenumbers (cm* 1 ) 


Figure 4. Absorption spectrum of CO } measured using the laser-diode-based mid-IR source. 
The lower curve shows the transmission through a germanium etalon. 
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Low-Cost Renewable Polishing Lap 

A thin film conforms to the unchanging lap shape. 

National Institute of Standards and Technology (NIST), U.S. Dept, of Commerce, Gaithersburg, Maryland 


A new polishing lap features a 
replaceable, deformable film applied 
to a lap substrate's surface. The lap is 
resistant to attack from corrosive and 
reactive polishing media; its textured 
surface is sufficiendy resilient to pro- 
vide good finishes without hindering 
dimensional controlling and accuracy 
of the texturing. 

A lap substrate having a localized tex- 
ture and an overall shape (flat, concave, 
or convex) to conform with the work- 
piece is covered with a replaceable lap 
film that is deformed to correspond to 
the texture of the substrate's surface. 
The peaks of the lap substrate provide 
the desired overall shape while the val- 
leys retain the polishing media and the 
accumulated material removed from 
the workpiece. The film contacts the 
polishing media and the piece being 
treated. 

The textured lap substrate can be 
made from numerous sufficiently rig- 


id materials such as metal, ceramic, 
crystalline, glass-ceramic, glass, poly- 
meric, or composite materials. Porous 
materials, which provide their own tex- 
ture, are preferred, although the tex- 
ture can also be machined or etched 
into the surface. The lap film, of vari- 
ous polymer films or metal foils, is thin 
and uniform to deform to the substrate 
surface, chemically resistant, and 
impermeable. Vacuum, pressure, heat, 
chemicals, electrostatic or magnetic 
fields, or mechanical force can be used 
to deform and/or hold the film in 
place. 

Covered, the lap substrate surface 
does not degrade or change during use. 
Chemically aggressive substances can be 
used. Thin films can be made to fit well 
without wrinkling, and provide suffi- 
cient resilience to achieve good finish- 
es without losing the accuracy of soft 
fabric laps. Contaminated films can be 
easily removed and replaced so that an 


entire production process, using several 
different abrasives, can be performed 
using a single lap. This lapping device 
can be used for grinding, lapping, 
and/or polishing substrates, such as 
semiconductor wafers, optical lenses, 
and computer hard disks. 

This work was done by Chris Evans and 
Bob Parks at the National Institute of 
Standards and Technology. The inven- 
tion has been reduced to practice. For more 
technical information , contact Dr. Evans at 
(301) 975-3484; FAX (301) 869-0822; E- 
mail: cjevans@nist.gov. A patent is pend- 
ing, and exclusive and nonexclusive licens- 
es are available. Licensing inquiries may be 
directed to Marcia Salkeld, Licensing 
Assistant, NIST, Department of Commerce, 
Building 820, Room 213, Gaithersburg, 
MD 20899-0001; (301) 975-4188; FAX 
(301) 869-2751. Refer to NIST Docket No. 
94-043. 
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Laser-Diode-Source 

Module 

With Fiber-Optic 
Coupling 

A flexible design enables 
the use of alternative 
components and 
coupling schemes. 

Marshall Space Flight Center, 
Alabama 

A module of optoelectronic equip- 
ment has been developed to satisfy 
requirements to (1) couple light from 
a laser diode into a single-mode optical 
fiber and (2) send a portion of the light 
through a reference cell. The module 
incorporates the following compo- 
nents: 

• A laser diode in a TO-type can; 

• A thermoelectric cooler; 

• A collimating lens; 

• An optical isolator; 

• A beam splitter for the reference and 
fiber beams; 

• A commercial fiber collimator; 

• A mount that holds the fiber collima- 
tor and that is adjustable in transla- 
tion along, and rotation about, the 
two coordinate axes perpendicular to 
the nominal optical axis; 

• A reference ceil; and 

• A reference detector. 

The module features a flexible 
design that enables the use of different 
laser diodes and different reference 
cells and that provides the option for 
either fiber-optic or free-space coupling 
of the laser beam. The design also facil- 
itates adjustments to maximize cou- 
pling of laser light into the fiber and 
minimizes both optical interference 
fringes and reflection of light back into 
the laser diode. 

This work was done by Fritz Bien, 
Michael E. Gersh, Neil Af. Goldstein, and 
famine Lee of Spectral Sciences , Inc., for 
Marshall Space Flight Center. No fur- 
ther documentation is available . 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0026. Refer 
to MFS-26438. 


Looking for outstanding quality, unique laser diode products, 
and excellent service? Think of Optima. We maintain this simple 
and straightforward business philosophy by creating unique 
products that complement the use of laser diodes in today's 
dynamic technological market. 

Whether you need a custom assembly or just an off-the-shelf 
component, you'll find Optima provides personal service to 
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catalog covering these products: 
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glass and single-element glass and plastic aspheric lenses) 
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optical power from 3mW to 50mW 
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Noise-Cancelling Fiber Optic Microphone 

A directional, refractive-based optical microphone permits communication in both 
electrically and acoustically noisy environments. 

Armstrong Laboratory, Crew Systems Directorate, Wright-Patterson Air Force Base, Dayton, Ohio 


A Micro-Optics Technologies Inc. 
team has developed a noise-cancelling 
fiber optic microphone (NCFOM) that 
has immunity to electromagnetic inter- 
ference and reduced sensitivity to ambi- 
ent acoustic noise. Made without mag- 
netic materials, it is about 26 mm in 
diameter and 20 mm thick, about the 
size of currendy used boom-mounted 
electroacoustic microphones. The 
NCFOM can be used for voice commu- 
nication in environments that contain 
electrical, magnetic, and acoustic inter- 
ference. 

The NCFOM is a new design that 
depends on refraction rather than 
reflection for signal detecuon. Two mul- 
dmode 200-micron-core opucal fibers 
with cleaved ends face one another. A 
spherical sapphire microlens 1 mm in 
diameter is attached to the center of a 
flexible polyester diaphragm 25.4 


The figure shows a diagram of the 
microphone. 

One fiber of the NCFOM is connect- 
ed to a light-emitting diode with 850-nm 
emission, and is used to transmit light 
through the lens. The other fiber, used 
to receive the light that has passed 
through the lens, is connected to a pho- 
todiode for detection. The fiber pair is 
aligned with respect to the lens so that 
light from the transmitting fiber is 
focused into the receiving fiber. The 
lens moves with the diaphragm in 
response to pressure variations, thus 
changing the location of the focused 
light. This action modulates the light 
acquired by the receiving fiber and cre- 
ates a pressure-dependent signal. 

Decreasing the sensitivity of the 
microphone to the planar wavefronts of 
far-field noise results in noise-cancella- 
tion performance. It is achieved by vent- 


microphone is then more sensitive to 
near-field sources. 

The acoustic noise-cancellation per- 
formance was assessed by measuring the 
signal-to-noise ratio (SNR) when a simu- 
lated voice signal was placed 2 cm in 
front of the microphone under test and 
a noise source was present 60 cm away 
and at various angles relative to the 
same microphone. At present the 
NCFOM shows about a 7-dB SNR in this 
test compared to a conventional elec- 
troacoustic noise-cancelling micro- 
phone's 13-dB SNR. Work is continuing 
on the improvement of the noise can- 
cellation of the fiber optic microphone. 

The NCFOM has a 90-dB dynamic 
range, a frequency range from 20 to 
6000 Hz, and an open-circuit sensitivity 
of -30 dB at 1000 Hz (referenced to 1.0 
V/Pa). The microphone's body is con- 



Top (upper) and side (lower) views of the Fiber 
Optic Microphone: (1) diaphragm mount, (2) 
diaphragm, (3) lens, and (4) optical fiber 
mount. 

nected by two multimode optical cables 
terminated in ST connectors to an elec- 
tronic interface box that houses the 
light source and detector and a circuit 
that provides an output for standard 
intercom systems. The NCFOM can be 
used by the aviation community' as well 
as the chemical industry and electrical 
utilities, and for medical purposes such 
as allowing patients undergoing mag- 
netic resonance imaging scans to com- 
municate with hospital staff. 


microns thick, with a diameter of 2.2 
cm, using a two-part epoxy. The 
diaphragm is positioned so that the lens 
is placed between the two fiber ends. 


ing the microphone so that these planar 
wavefronts, arriving at the same time at 
the front and the rear of the 
diaphragm, nullify one another. The 
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This work was done by James P. Stec, 
Bradley M. Jost , and Jeffrey C . Buchholz of 
Micro-Optics Technologies Inc. for the 

Armstrong Laboratory, Crew Systems 
Directorate, Wright-Patterson Air Force 
Base. (Additional funding was provided by 
NASA Langley Research Center.) US Patent 


5,262,884 has been issued for the NCFOM. 

Inquiries concerning rights to commercial- 
ize this invention may be addressed to James 
P. Stec, Micro-Optics Technologies Inc., 8608 
University Green, #5, PO Box 620377, 
Middleton, W7 53562; (608) 831-0655; 
FAX (608) 831-5821. 


Efficient, Fundamental-Transverse-Mode, 
Diode-Pumped Lasers 

Intra-cavity apertures are not necessary for operation in the 
fundamental transverse mode. 

Goddard Space Flight Center, Greenbelt, Maryland 


A class of efficient, rugged, solid-state 
lasers is based on a combination of (1) 
side pumping by diode lasers and (2) 
configuring the gain regions, in con- 
junction with the side pumping, so that 
the fundamental transverse electromag- 
netic mode (TEMoo) is automatically 
selected. The configuration overcomes 
the practical limitation on power avail- 
able for longitudinal pumping by 


ture can degrade the quality of the 
emitted laser beam. 

The figure schematically illustrates a 
typical laser of this class. The pump 
beam is a thin sheet of light generated 
by a bar-shaped laser diode placed 
above and aligned parallel with the gain 
region of the laser crystal. The beam is 
collimated by a cylindrical microlens 
and aimed at the TEMoo-mode region of 


y 



y 



Highly Reflective Coating 

DETAIL LOOKING BACK ALONG 
LASER BEAM AT LASER 


This Diode-Pumped Solid-State Laser exploits a combination of side pumping, a gain region that 
is narrower than the TEMoo mode in the x dimension, and reflection losses at the top and bottom 
surfaces of the laser crystal to suppress non-TEMoo modes in the y dimension. 


devices that were on the market when 
the information for this article was sub- 
mitted. It also eliminates the need for 
the intra-cavity apertures that are used 
in older side-pumping configurations 
to ensure operation in the TEMoo 
mode. Typically, an intra-cavity aperture 
induces substantial loss in energy or 
power, and diffraction around the aper- 


the laser crystal. Thus, the pump beam 
overlaps the TEMoo-mode region, 
which, as explained below, contains 
part of the gain region. 

The lasers of this class exploit a mod- 
ified version of the principle that if the 
gain region of the laser crystal is small- 
er than the region occupied by the 
TEMoo laser mode, then the selection of 
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the TEMqo mode is assured. In the mod- 
ified version that applies here, the gain 
region of the laser crystal is constrained 
in the following sense: The longitudinal 
( z-axis) dimensions of the gain region 
and the TEMoo-mode region in the laser 
crystal are the same, while the gain 
region of the laser crystal is narrower 
than the TEMoo-mode region in one of 
the lateral dimensions (the x axis in the 
figure). 

Selection of the TEMoo mode in the 
other lateral dimension (the y axis in 
the figure) is accomplished by using the 
gain region as an aperture; that is, by 
exploiting the losses induced by the top 
and bottom of the laser crystal. To 
obtain optimum performance of the 
laser, it is necessary to balance the need 


for complete absorption of the pump 
beam (for which the crystal should be 
made deeper in the y dimension) 
against the need to use the top and bot- 
tom of the laser crystal as an aperture to 
strip off electromagnetic modes of high- 
er order along the y axis. 

This work was done by Robert Afzal and 
Mark Selker of Goddard Space Flight 
Center. For further information, write in 
23 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, Goddard 
Space Right Center; (301) 286-7331. Refer 
to GSC- 13602 


Analog/Digital Potential-Mapping System 
for Robotic Guidance 

A potential field around obstacles and a goal is simulated. 

Ames Research Center, Moffett Field, California 


An analog/digital electronic system 
generates an image that represents a 
simulated two-dimensional potential 
field for use in planning the trajectory 
of a robot across a floor or platform 
where there are obstacles (e.g., 
machines and people) that the robot 
must avoid on its way to a goal. As in 
other implementations of the potential- 
field method of robotic guidance, (1) 
the simulated potential field resembles 
an electrostatic field, (2) the potential 
between the robot and the obstacles is 
repulsive (as between objects of like 
electric charge), while the potential 
between the robot and the goal is 
attractive (as between objects of oppo- 
site electric charge), and (3) one seeks 
to compute a trajectory along the gradi- 
ent of the potential field from any posi- 
tion to the goal. In typical other imple- 
mentations of the potential-field 
method, the potential fields sometimes 
include local minima wherein robots 
can become trapped. One advantage of 
the present system is that it simulates a 
potential field without any minima 
other than that of the goal; in effect, 
the system is designed to guarantee an 
all-“downhiir obstacle-avoiding path 
from any location to the goal. 

The system generates a gray-scale 
video image, in which increasing 
brightness in a given pixel represents 
increasing repulsive local potential. 
Starting with bright areas for the obsta- 
cles and a dark spot for the goal, the 


image is generated in an iterative feed- 
back process in which the attractive 
potential field propagates outward 
from the goal spot and surrounds all 
obstacles, filling the scene. A potential 
field generated in this way has a single 
minimum at the goal, as desired, but 
the field computation could take exces- 
sive time if performed by digital means 
only. In this system, the inherent speed 
of optical analog means is harnessed to 
reduce the field-computation time. 

The figure schematically illustrates 
one version of the system. Under digital 
control by a computer, the analog 
image is written by use of a modulated 
electron beam that is scanned across 
the back (left) surface of an electro- 
optical crystal in an electron-beam- 
addressed spatial light modulator 
(EBSLM). At a given time, the comput- 
er commands the EBSLM to operate in 
either an electron-deposition or an 
electron-depletion mode. In the elec- 
tron-deposition mode, the electro-opti- 
cal crystal is biased at a high voltage and 
charge accumulates on the back surface 
of the crystal in the places exposed to 
the electron beam. In the electron- 
depletion mode, the electro-optical 
crystal is biased at a low voltage and 
there is net depletion of charge from 
places exposed to the electron beam. In 
either mode, the charge pattern that 
remains after electron-beam writing 
gives rise to an electric field that alters 
the index of refraction of the crystal in 
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Analog Image Processing in the EBSLM and associated optical components speeds the computation of a simulated potential field in which a robot is 
repelled by obstacles and attracted by a goal, with an all- "downhill* path from any robot location to the goal. 


a corresponding pattern. 

There is an important difference 
between the two modes: patterns writ- 
ten in the electron-depletion mode 
have sharp edges and remain within 
their original boundaries, whereas pat- 
terns written in the electron-deposition 
mode expand beyond their original 
boundaries (because of secondary emis- 
sion of electrons from the surface of the 
crystal). Initially, the dark goal spot is 
written in electron-deposition mode 
and begins to expand. Then the bright 
obstacle patches are written in electron- 


depletion mode. The resulting image is 
digitized and sent to the computer for 
processing into a feedback pattern, 
which is then written in the electron- 
deposition mode to enhance the expan- 
sion of the dark goal spot. This 
sequence of operations is repeated to 
obtain further enhancement and 
expansion of the dark spot. During each 
cycle of the iteration, the computer 
compares the image with the image 
from the preceding cycle. When the dif- 
ference between the two images is less 
than some small amount related to the 


noise level, the iteration is terminated 
and the average of the images is used to 
compute the potential field. 

This work was done by Max B. Reid of 
Ames Research Center. For further infor- 
mation, write in 42 on the TSP Request 
Card. 

This invention has been patented by NASA 
(U.S. Patent No. 5,483,168). Inquiries con- 
cerning nonexclusive or exclusive license for 
its commercial development should be 
addressed to the Patent Counsel, Ames 
Research Center; (415) 604-5104. Refer to 
ARC- 11997. 


Improved Video Sensor System for Guidance in Docking 

The principal advantage over a prior system would be greater speed. 

Marshall Space Flight Center, Alabama 


A proposed video sensor system to be 
mounted on a tracking vehicle would 
automatically determine the relative 
orientation of a tracked vehicle during 
approach. The proposed system is 
intended to replace a current video 
sensor system that functions similarly 
and is used to guide the approach, 
which ends in the docking of the two 
vehicles with each other. The principal 
advantage of the proposed system 
would be greater speed. 

A description of the current system is 
prerequisite to understanding the pro- 
posed system. The current system (see 
Figure 1) includes a video camera and 
two pulsed lasers of different wave- 
lengths on the tracking vehicle. Three 
reflective targets are mounted at the 
comers of a triangle on one surface of 
the tracked vehicle, and a fourth reflec- 


tive target is mounted at the tip of a 
stalk that protrudes from the surface. 
The reflective targets are covered by fil- 
ters that absorb light at one of the laser 
wavelengths. 

At the beginning of an operating 
cycle, the tracked vehicle is illuminated 
by a pulse of light from one of the 
lasers, and a frame grabber captures 
the resulting video image of the tar- 
gets. Next, the other laser emits a pulse 
of light and the frame grabber captures 
the resulting video images. The two 
images are digitized and subtracted 
from each other in a fast computer, 
leaving only a digitized image of the 
targets. The orientation of the tracked 
vehicle relative to the tracking vehicle 
is then computed from the known geo- 
metric relationships among the posi- 
tions of the targets in the image, the 


positions of the targets relative to each 
other, and the orientation of the video 
camera. A large fraction of time of 
each operating cycle is taken by the 
image-subtraction process; this limits 
the frequency with which orientation 
data can be updated and makes the sys- 
tem vulnerable to losing track of rapid- 
ly moving targets. 

The proposed system would be based 
on similar principles but would imple- 
ment them in a different way to reduce 
the time taken by the image-subtrac- 
tion process. The camera in the pro- 
posed system (see Figure 2) would 
incorporate a prism assembly, wherein 
the beam of light focussed by the cam- 
era lens would be split to form images 
on two charge-coupled-device (CCD) 
imaging arrays. An absorptive filter 
would be placed in front of one CCD 
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Figure 1. Video Images of Reflective Targets are acquired under illumi- 
nation by two different lasers, digitized, subtracted from each other, and 
processed to determine the orientation of the tracked vehicle relative to 
the tracking vehicle. 



Figure 2. The Video Signals Would Be Subtracted from each other while 
still in analog form; this would take much less time than does subtraction 
of digital image data. 


array. The analog output from the CCD array with the Filter 
in front of it would be amplified by a factor of 2, and the ana- 
log output of the other CCD array would be subtracted from 
it. The analog output of the subtraction circuit would contain 
only the images of the targets because the subtraction would 
remove the background image. The analog output of the sub- 
traction circuit would be fed to a frame grabber for digitiza- 
don. The digiuzed image would then be processed to calcu- 
late orientadon as in the current system. 

The image-acquisition process takes about 30 ms, and the 
digital subtraction process takes about 250 ms for a 1,024 x 
1 ,024 array on a 40-MHz digital signal processor. In compari- 
son, the analog subtracdon process takes negligible time. 
Thus, depending on the time taken by the orientation-calcu- 
ladon process, the proposed system might offer a consider- 
able speedup over the current system. Another advantage of 
the proposed system is that unlike the current system, there 
would be no possibility of jitter between the subtracted 
images, because in the proposed system, the two subtracted 
images would be formed simultaneously. 

This work was done by Tom Sutherland ^Marshall Space Flight 
Center. For further information , unite in 30 on the TSP Request 
Card. 

Inquiries concerning rights for the commercial use of this inven- 
tion should be addressed to the Patent Counsel, Marshall Space 
Right Center; (205) 544-0021. Refer to MFS-31150. 
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“ From crystal growth 
to finished blanks 


Scheme for Single-Mode 
Pumping of a Solid-State Laser 

Best features of two older schemes 
would be combined. 

Goddard Space Flight Center, Greenbelt, Maryland 

A proposed scheme for side pumping of a solid-state laser 
rod efficiently in a single desired waveguide mode (the TEMoo 
mode) would combine the advantages of older end- and side- 
pumping schemes: It would afford efficiency approaching that 
previously attainable only through end pumping with focusing 
of the pump laser beam to a diameter of the order of tenths of 
a millimeter to match the desired mode; at the same time, it 
would afford the power scalability attainable only through side 
pumping by multiple laser diodes. 


Laser Rod (Typically 12 mm Long, 



TOP VIEW 



VIEW ALONG OPTICAL AXIS 


Figure 1. Two Linear Arrays of Laser Diodes would pump the laser rod 
from opposite sides. 


The scheme calls for side pumping by arrays of laser diodes 
that would be aligned so that the light would enter at angles 
favoring a high degree of absorption and conversion to laser 
light. The laser rod [which could be made of neodymium:yttri- 
um aluminum garnet (Nd:YAG) or other suitable crystalline 
laser material] would be about 1 mm in diameter — unusually 
narrow for a laser rod but a convenient size for manufacture. 
This diameter would be only slightly wider than the region 
occupied by the major part of the electromagnetic energy in 
attainable laser modes; thus, in comparison with older side- 
pumping schemes involving wider laser rods, this scheme 
would cause a greater portion of the cross section of the laser 
rod to contribute to laser action and a lesser portion to mere- 
ly convert the absorbed pump light to heat. 

The laser head (see Figure 1 ) would include the laser rod and 
arrays of laser diodes mounted in a heat sink. The pump light 
would enter the laser rod from the two arrays of laser diodes 
through two longitudinal stripes, each 100 pm wide and located 
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Figure 2. Multiple Reflections would confine the pump light in the laser rod, increasing the effec- 
tive optical path length for pump light to about 4 times the diameter, thus increasing the utiliza- 
tion of the pump light. 


diametrically opposite the other. Each of 
these stripes would be anureflection 
(AR) coated for low reflection at the 
wavelength of the pump light (809 nm in 
the case of the laser diodes used to pump 
Nd:YAG) . The remainder of the cylindri- 
cal surface of the rod would be coated for 
high reflection at the pump wavelength. 

The sideways offset between the two 
arrays of laser diodes is an essential fea- 
ture of the pump geometry, shown in 
more detail in Figure 2. With this geom- 
etry, pump light that entered the rod 
from the laser diodes would traverse the 
cross section several times, confined to 
the interior of the rod by reflection. Ray- 
trace calculations show that pump light 
would typically undergo three reflec- 


tions before escaping from the rod 
through one of the antireflection coated 
stripes. Thus, more than 90 percent of 
the pump would travel 4 mm before 
escaping through the AR stripes, in a rod 
of only 1 mm diameter, and most of the 
path would lie generally in the central 
region, where coupling to the desired 
laser mode would be greatest. A 4-mm 
path in Nd:YAG for a wavelength of 809 
nm results in 84-percent absorption of 
the pump light in the laser medium. 

This work was done by D. Barry Coyle of 
Goddard Space Flight Center. For fur- 
ther information , write in 32 on the TSP 
Request Card. 

GSC-13636 


Making Structural Supports for 
Thinned CCD Membranes 

Structural supports would be added after high-temperature 
processing instead of before. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A technique for adding structural 
supports to membranes has been pro- 
posed. The technique is intended for 
use in fabricating charge-coupled 
devices (CCDs) and other microelec- 
tronic devices that are required to be 
very thin (7 to 15 pm in the case of 
some advanced CCDs) and to remain 


flat during use. 

Heretofore, it was common practice 
to bond CCD substrates adhesively to 
structural supports by use of epoxies 
prior to thinning the substrates to final 
device thicknesses. This practice is 
unsuitable for fabrication of advanced 
CCDs because it is necessary to subject 
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the substrates to postthinning processes 
at temperatures > 300 °C, at which epox- 
ies disintegrate. Before applying the 
proposed technique, a CCD substrate 
would be thinned everywhere except at 


its perimeter, where a frame would be 
left to facilitate handling. The substrate 
would then be subjected to high-tem- 
perature processing. Being unsupport- 
ed in the middle, the resulting CCD 


membrane could become wavy. 

A small glass plate with many small, 
evenly spaced holes through its thick- 
ness would be prepared for use as the 
structural support. One face of the glass 
plate would be coated with an epoxy and 
placed in contact with the CCD mem- 
brane. The opposite face of the glass 
plate would be placed on a vacuum 
chuck (see figure). The suction in the 
chuck would act through the holes in 
the glass plate to flatten the membrane 
by drawing the membrane tightly against 
the plate. The suction would also draw' 
excess epoxy through the holes. The 
plate and membrane could then be 
removed from the vacuum chuck 
because surface tension in the epoxy 
would continue to hold the membrane 
and plate together until they became 
permanently bonded together by curing 
of the epoxy. 

This work was done by Shouleh Nikzad 
and Michael E. Hoenk of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information , unite in 99 on the TSP Request 
Card . 

NPO-19655 


Thin CCD Membrane 



Frame (Perimeter of 
CCD Substrate) 


Glass Plate With Small Holes 
Through Its Thickness 


Vacuum Chuck 


Wrinkles in the Membrane would be smoothed out when the membrane and glass plate were 
placed on the vacuum chuck. Excess epoxy would be drawn out by the vacuum chuck. 




LASER DYES 

With Exdton, you get a spe- 
cialized team of professionals 
knowledgeable in the field of 
laser dyes. Since more than 
one dye may cover a given 
spectral region, we provide 
the latest information con- 
cerning the best dye selec- 
tion for a specific laser sys- 
tem and application. 
Exciton Inc., PO Box 31126, 
Overlook Station, Dayton, 
OH 45437; Tel: 513-252- 
2989. 


PRECISION 
MEASUREMENT 
& SENSING 
INSTRUMENTS FOR 
MANUFACTURING 

Advanced line of measurement and sensing instruments 
for the calibration and maintenance of machine tools, 
robots, and CMMs and for the measurement of machined 
para. Includes 5-D laser measuring system, ballbars, spin- 
dle dynamic and thermal analysis system, levels, dual-axis 
beam stcerer systems, laser trackers, and more. 

Automated Precision, Inc. 

Automated Precision, Inc.. 7901 -C Casons Avenue, 
Gaithersburg. MO 20879; (800) 537 2720; (301) 330-8100; 
Fax: (301)990-8648. 



LIGHT 

MEASUREMENT 
CATALOG 

International Light offers their latest 
version foil-line catalog describing 
light measurement instrumentation, 
applications, and basic concepts of 
Radiometry/Photomccry. Many new products are introduced 
covering a wide range of UV-V1S-IR applications. All techni- 
cal details such as spectral and spatial responses, measurement 
ranges, and descriptions have been either updated, enlarged, or 
expanded in scope. International Light, Inc., 17 Graf Rd., 
Ncwburyport, MA 01950-4092; (508) 465-5983; Fax (508) 
462-0759; E-mail: ilsales^intllight.com; Internet: http: 
/ / www.md-light.com/ 



Exciton Inc. 


International Light 



For More Information Write In No. 301 



IMPROVE 
ANY FUZZY 
PROBLEM 
WITH 
APART! 

• Worlds leading stray 
light program! • Improve your signal-to- noise ratio (SNR) 
in any optical system. • Optimize your contrast/detection 
on any ground- or space-based system. • Specify your sur- 
face quality and BRDF from a full coating library. • 
Calculate ghost, glints, and panicle problems before they 
happen. Breault Research Organization Inc., 6400 East 
Grant Rd., Ste. 350. Tucson. AZ 85715; Teh (800) 882- 
5085 or (520) 721-0500; FAX; (520) 721-9630. E- 
maihsales^brea ult.com; http://www.breault.com 

Breault Research Organization Inc. 

For More Information Write In No. 303 


OPTICAL FIBER 
ASSEMBLY 
(PATCHCORD) 
TESTING 

IQ- 12001 Software: 

• For rapid testing in a pro- 
duction environment • 
Insertion and return loss 
measurements • Single-mode 
and multimode fibers * 
Systematic step-by-step procedure • On-screen instruc- 
tions • Custom label design and printing • Extensive 
reporting capabilities 

EXFO 

EXFO Electro-Optical Engineering. 465 Godin Ave.. Venter. 
Quebec, Canada G1M 3G7; (418) 683-0211; Fax: (418) 683-2170. 

For More Information Write In No. 304 


CD-ROM 
HOLDS BEST 
OF NASA 
TECHNOLOGY 

JB Data announces The NASA Technology CD-ROM , containing 
800 previously unpublished NASA software programs, abstracts 
of 90,000 NASA technical reports, front pages and daims to 
more than 2800 NASA patents, and more. Source code listings 
for expen systems, CAD/CAM. aerospace analysis, robotics, and 
materials analysis programs. Special Bonus: 5700 NASA Tech 
Briefs published over 8 years; NASAi CLIPS expen system, a 
$350 value if purchased separately. Runs on Windows. Price for 
a limited tunc. $195- JB Data, 317 Madison Awe., New York, 
NY 10017; (212) 490-3999; fox: (212) 986-7864; E-mail: 
pp00053 1 ^intenampxom 

JB Data 




Ndk* 


April 1997 


www.nasatech.com 


13a 





NEW PRODUCTS 


Product of the Month 

1500-nm Distributed Feedback Laser 

Hewlett-Packard Co., Dallas, TX, specifies its new 
LSC2500 laser source for operation under ATM stan- 
dards at SONET 0048 and STM-16 speeds of 2.488 
Gb/s. The directly modulated distributed feedback 
laser, intended for long-haul telecommunications, 
fiber optic sensors, cable television, and instrumen- 
tation, is capable of distances greater than 200 km 
over single-mode fiber. With a -20 to +65 °C operating 
temperature range, it delivers more than +3.8 dBm 
output with slope efficiency adjustable to more than 
0.06 mW/mA. The package includes a photodiode for output monitoring, a thermistor for monitoring 
heatsink temperature, and a Peltier-effect thermoelectric cooler. A heatsink mounting flange is incor- 
porated into the industry-standard 14-pin butterfly package. Price is $1000 in 1000-piece quantities. 

For More Information Write In No. 800 




980-nm Fiber 
Bragg Grating 

3M Specialty Optical 
Fibers, West Haven, 
CT, offers a fiber 
Bragg grating for the 
stabilization of exter- 
nal cavity semicon- 
ductor pump lasers. When the grating is pigtailed 
to a 980-nm pump laser for erbium-doped fiber 
amplifiers, a small amount of the light is reflected 
back and mixes in the laser’s cavity, locking the 
lasing mode to the Bragg wavelength. The grating 
is provided in the center of a 2-m section of 3M 
photosensitive fiber. It has a reflectivity of 2-5 per- 
cent and temperature sensitivity of 0.012 nm/°C, 
and is proof-tested to 100 kpsi. 

For More Information Write In No. 802 



High-Speed Digital 
CCD Camera 

Nikon Inc., Melville, 
NY, has added the E2Ns 
to its digital still camera 
series. Its buffer memo- 
ry can store up to six 
frames, and it can shoot 


up to 3 frames per second. Its 2 /s-in. 1.3 million 
pixel CCD sensors have a low-pass filter that virtual- 
ly eliminates RGB moire. The video output plus pre- 
view* mode uses an analog video output terminal 
(NTSC or PAL) for connection to any TV monitor 
equipped with standard input terminals. Its multi- 
ple image compression modes include BASIC, NOR- 
MAL, and FINE, as well as uncompressed TIFF for 
the highest quality. 

For More Information Write In No. 805 



Color/Monochrome 
Solid-State Imagers 

Electrim Corp., Prince- 
ton, NJ, adds two cam- 
eras to its line of solid- 
state electronic imag- 
ing cameras. The color 
ED01000E enables the 


user to digitize an RGB color image at up to 652 x 
494 pixels with 24-bit color depth. The monochrome 
EDC-1000N provides 256 gray scales at 652 x 494- 
pixel resolution. The cameras' low-noise (15 elec- 
trons per pixel) frame-transfer CCD image sensors 
operate in progressive-scan mode. Pixels are 7.4 
microns square, and data collection rate is up to 2 
MB/s. Price of the EDC-IOOOE is $900 and of the 
EDC-1000N $800. 

For More Information Write In No. 808 



N Megaresolution N 
Image Analysis 
Camera 

The Motion Analysis 
Systems Division of 
Eastman Kodak Co., 
San Diego, CA, adds the Model 6.3i camera to its Mega- 
plus family. The company says the camera, with its 
full-frame CCD sensor array of 3072 (h) x 2048 (v) 
pixels, offers the highest resolution in the family. 
Each 9-pm-square pixel has the 100-percent fill fac- 
tor common to the Megaplus line. Available in 8-bit 
or 10-bit versions, the camera has an aspect ratio of 
3:2, making it suitable, according to Kodak, for LCD 
flat-panel inspections. The rear panel has a connec- 
tion for DC power (12-28 V) and an output to drive 
an external strobe unit. 

For More Information Write In No. 803 


Nd:YAG Marking 
System 

Synrad, Mulkiteo, WA, 
has teamed with Power 
Path Technology, Sunny- 
vale, CA, to produce a 
compact diode-pumped 
Nd:YAG marking sys- 
tem. Intended for applications where space is at 
a premium, the YAG marking kit, which features 
Synrad's SH series marking head, can be set up and 
operating in just a few hours, Synrad says. About 
the size of a small loaf of bread, the unit plugs into 
a conventional 15-A wall outlet, needing no high 
voltages, special wiring, or three-phase service. The 
company says the laser can operate virtually main- 
tenance-free for more than 10,000 hours. 

For More Information Write In No. 806 




Video Interface 
Display 

PC Video Conversion, 
San Jose, CA, offers the 
VIDispUry video interface 
display, a device that en- 
ables OEMs and integra- 
tors of display systems to show full-motion full- 
color television-compatible video on LCD panels 
intended for PC notebook use. The unit accepts 
composite (NTSC, PAL, and SECAM) and Y/C (S- 
VHS) inputs, and various interface modules enable 
compatibility with several manufacturers' LCDs. 
WDisplay weighs less than a pound and is less than 1 
1/3 inch thick, including the panel. The company 
savs application areas include military, surveillance, 
multimedia kiosks, and portable displays. 

For More Information Write In No. 809 


Laser Line 
Projectors 

Lasiris Inc., Sl- 
Laurent, Quebec, 
Canada, intro- 
duces the LC 
series laser line 
generators with 
fixed pattern 
heads and factory-set focus adjustment. Features 
include uniform non-Gaussian intensity distri- 
bution, an ultrathin line down to 25 pm, over- 
temperature and over-voltage protection, electro- 
static discharge protection to more than 8000 V, 
and CDRH and IEC compliance. The company 
also cites the series' compact and rugged design 
and low cost. 

For More Information Write In No. 801 

TH High- Power Laser 
~ J 1 Diode Driver 

^ ■■ Newport Corp.. Irvine. 

sivjjfc I CA, calls its Model 5405 

| B I laser diode driver a cost- 

| "^1 HiV( rive solution lor 

driving high-power con- 
tinuous-wave laser diodes. With the 40-A 5-V output, 
two laser diodes may be operated in series. The 
company can supply a complete control system 
using one of several high-power laser diode 
mounts. An external modulation input port has a 
3-dB bandwidth of 2.5 kHz, and can be used for 
external voltage control of the output current set- 
point. Using a thermopile detector such as New- 
port's 818T series, front-facet power can be detect- 
ed and displayed in watts. 

For More Information Write In No. 804 

Visible-Beam 
Diode-Pumped 
Solid-State Laser 

Spectra-Physics Lasers, 
Mountain View, CA, of- 
fers the Millennia II™, 
a 2-watt continuous- 
wave diode-pumped 
solid-state (DPSS) laser emitting in the green region 
at 532 nm. The air-cooled system is compact (18" x 
6" x 6") and requires only a 110-V or 220-V single- 
phase outlet. The device, with a simple linear cavi- 
ty, is pumped with the output from a fiber-coupled 
diode laser bar. The company says it is useful for 
semiconductor wafer inspection, disk texturing, 
particle scattering, reprographics, and spec- 
troscopy. 

For More Information Writ* In No. 807 

MXN Fiber 
Optic Array 

Fiberguide Indus- 
tries, Stirling, NJ, 
offers custom ultra- 
high-precision two- 
dimensional (MxN) 
fiber optic arrays for 
LSI circuits for high-speed electronic switching. 
They consist of single-mode or multimode fibers, or 
combinations of them. Fibers are positioned on a 
customer-specified grid within +/-4 pm, and can be 
placed as close as 150 pm center to center. Arrays can 
be manufactured with as few as 25 or as many as 1000 
fibers, and can be terminated and packaged per cus- 
tomer-specified requirements. Individual fibers are 
tagged with array position. 

For More Information Write In No. 813 
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continued from page 75 

solution of 4 percent lysozyme and 2 
percent sodium chloride, and with 
sodium acetate as a buffer that was 
used to titrate the solution to pH 4.0. A 
drop of this solution was placed in one 
of two hemispherical depressions on 
an otherwise flat glass microscope 
slide; a drop of an aqueous solution of 
sodium chloride in greater concentra- 
tion (to serve as a precipitating solu- 
tion) was placed in the other depres- 
sion. Then a second, flat glass micro- 
scope slide was placed on top of the 
first slide, along with spacers to main- 
tain a gap of 30 pm. 

By capillary action, both solutions 
were drawn from the depressions and 
spread across the plates in the gap. 
Eventually, the two solutions met, 
forming a nearly one-dimensional con- 
tact front. At this front, protein crystals 
grew by what amounted to an approxi- 


mately two-dimensional version of 
the established liquid/liquid-diffusion 
method. The lysozyme crystals that 
were formed along the front were 
nearly two-dimensional. 

One of the advantages of the small- 
gap, parallel-plate configuration is that 
it inhibits the undesired mixing of the 
two solutions that occurs in the older 
threedimensional version of the liq- 
uid/liquiddiffusion method. Another 
advantage of this configuration is that 
it is well-suited for optical observations 
and measurements of rates of growth. 
Yet another advantage is that the thick- 
ness of the crystalline protein wafer 
can be chosen to produce desired 
effects; for example, in some cases, 
crystals of higher quality can be 
obtained by making the wafers thinner. 

Because of the predominance of 
capillarity and liquid/liquid diffusion 


in this method, gravitation and bulk 
diffusion exert litde or no discernable 
effect on the crystallization process 
and thus their adverse effects on the 
quality of crystals are eliminated. Still 
another advantage of the present 
approach is that it provides an addi- 
tional degree of freedom for optimiz- 
ing crystallization conditions; for 
example, the parallel plates can be 
coated with films that repel or are pref- 
erentially wetted by selected con- 
stituents of protein solutions. 

This work was done by David A. Noever 
of Marshall Space Flight Center. For fur- 
ther information , write in 11 on the TSP 
Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel , Marshall 
Space Right Center; (205) 544-0021. Refer 
to MFS-31048. 





STEP 1: DECANT SALT SOLUTION ONTO 
SLIDE OR PLATE 


STEP 2: DECANT PROTEIN ONTO SLIDE 
OR PLATE 


STEP 3: SANDWICH DROPS BETWEEN 
PLATES WITH A PRESET GAP 




Protein Crystallizes by Liquid/Liquid Diffusion between a drop of protein solution and a drop of salt solution between two microscope slides. 
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SMALLEST-TOUGHEST 
MIL Spec Connectors 


■ DESC 94031 thru 94046 
&MIL-C-83513 performance 

■ Optional RFI/EMI filters 

■ Hi-Density ,025/.0125"pitch 


■ SMT, Thru-hole, flex ribbon 
coax terminations 

■ COTS alternatives available 

■ Complete catalog available 


-JMmmcsL.™ 

21644 N. 14th Ave. Phoenix, AZ 85027 
800.242.6266 

On The Internet: www.nanonics.com/catalog/ 


For More Information Write In No. 424 



Call us today! We will provide you with specially 
formulated composite materials. Our fabrication 
expertise enables us to furnish the most cost effective, 
precision components! 



S SPAULDING One Monogram Place, Rochester, NH 03866 
COMPOSITES CO. Phone: 603 332-0555 Fax: 603 332-5357 


New on the Market 


Product of the Month 

National Instruments, Austin, TX, has intro- 
duced the DAQ Instruments PCI, ISA, and 
PCMCIA instrumentation computer interfaces. 
The DAQScope", DAQMeter™, and DAQArb ™ 
are compatible with Windows NT/95/S.1 and 
provide features comparable to standalone 
oscilloscopes, digital multimeters, and wave- 
form generators, respectively. They include the 
VirtualBench ' Scope, VirtualBench-DMM, and Virtual Bench-Arb virtual instru- 
ments, which work with application software packages such as LabVIEW®. The 
interfaces allow users to build instruments with Internet connectivity* that can 
send E-mail and interface to Microsoft Word and Excel. Instrument drivers are 
available for use with C/C ++ and Visual Basic. DAQScopes are priced from $995; 
DAQMeter from $695; and DAQArb from $2,995. 

For More Information Write In No. 730 



Mod graph, Woburn, MA, has intro- 
duced industrial color monitors in 
15”, 17”, and 20” sizes, with filtered 
positive-pressure fan-cooling, sheet- 
metal construction. Available in 
panel-mount or rack-mount configu- 
rations with a choice of resistive, 
capacitive, or SAW integrated touch- 
screens, the displays are auto-scan- 
ning with universal power supplies 
and resolutions from 640 x 480 to 
1600 x 1280. 

For More Information Write In No. 731 



Gaska Tape, Elkhart, IN, offers poly- 
meric foam tape that resists tempera- 
ture extremes, abrasive chemical envi- 
ronments, and moisture. Compatible 
with most plastics and synthetic plas- 
tic products, the tape is available with 
skin on two sides and with single- or 
double-sided, water- or solvent-based 
adhesives. 

For More Information Write In No. 732 



Dolch Computer Systems, Fremont, 
CA, has introduced the Dual 
MegaPAC* Pro portable instrumen- 
tation and test platform equipped 
with two 200-MHz Pentium Pro CPUs 
for testing and data acquisition. It 
provides multi-tasking/multi-thread- 
ing power to users requiring multiple 
add-in card slots and drive bays. The 
system accommodates a five-drive, 45- 
Gb RAID and/or up to eight 
ISA/ PCI expansion cards. 

For More Information Write In No. 733 


A family of MIL-STD 1750A and 
1750B microprocessor cores from 
CPU Technology, Pleasanton, CA, 
offer performances ranges from 5 
DAIS MIPS to 50 DAIS MIPS for 
processor upgrades or replacement 
They include an integrated Memory 
Management Unit (MMU) and can 
be configured to match timing and 
errata of existing parts. 

For More Information Write In No. 734 


Symmetric Research, Kirkland, WA, 
has introduced the DSPA64/DSPHLF 
DSP-based 64-channel A/D data 
acquisition /processing boards. Fea- 
tures include 1 Mb of DSP memory 
buffering, 16 bit A/D converter, 64- 
input channel multiplexer array, and 
138 kHz aggregate sampling rate. 
Connected by a 16-conductor ribbon 
cable, the DSPA64 communicates 
data in serial digital format to the 
DSPHLF card installed in the PC. 

For More Information Write In No. 736 



The GM Series gas detection and mon- 
itoring systems from Keithley Instru- 
ments, Cleveland, OH, detect com- 
bustible and toxic gases in concentra- 
tions as low as 10 ppb. Fixed system 
diagnostics monitor sensors, pumps, 
and controllers continuously and warn 
of system/component failure. 

For More Information Write In No. 735 


PFA tubing, tube fittings, and valves 

from the SWAGE LO K® Companies, 
Solon, OH, offer corrosion resistance 
to a variety of system media. Tubing is 
available in standard and high-purity 
grades. Tube fittings include male 
connectors and elbows, unions, tees, 
caps, and plugs. Plug valves provide 
pressure rating of 4.1 bar at 21*C. 

For More Information Write In No. 737 
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Now you can subscribe to 


NASA Technology 
Today 

the exciting new teaching 
tool for educators and 


parents 


NASA Technology Today's mission is to 
share the excitement, adventure, and 
knowledge of NASA's work with teachers 
and parents for use in the classroom and 
home. Each full-color, illustrated edition 
will be your guide inside NASA, spot- 
lighting the agency’s major missions, 
launches, science projects, discover- 
ies, and technology breakthroughs — 
with fun activities for students. Plus, 
you’ll learn where and how to take 
advantage of NASA educational resources, 
including special Internet sites, software, videos, and more. 


Subscribe for a full year for the charter rate of U.S. $17.95. Additional copies (addressed to same sub- 
scriber) are only $1 .00 each ($6.00 additional per year). 

Don’t miss a single issue... subscribe today! 

Published in cooperation with NASA and the International Technology Education Association. 


□ Please enter my subscription to NASA Technology Today for one year (six issues) at U.S. $17.95. 

□ I also want to receive additional copies of each issue, at U.S. $1 .00 per copy x 6 for the subscription year 

(e.g. — U.S $. 12.00 for 2 extra copies of each issue) 

Total: $ 

□ check enclosed (payable to Associated Business Publications Inti.) 

□ charge my: □ VISA □ MasterCard 

Card No./Exp. Date Name 

Signature Organization 

Phone No. Address 

Fax No. 

Mail to: Associated Business Publications Inti., 317 Madison Avenue, New York, NY 10017 
Or fax credit card orders to: 1 -(212) 986-7864. 

Questions? Call 1 -(21 2) 490-3999 ore-mail: ntb_advertise@interramp.com 
For information on advertising contact Mike Hardy at (800) 944-6272. 
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New &n Disk 


Rotating Electrical 
Connectors 




Superior to conventional slip rings, Mercotac’s liquid 
metal-wetted contacts provide reliability. No electrical 
noise, less than 1 milliohm resistance. 

Durable, compact, low cost, no maintenance. Ideal for 
computers, instrumentation, thermocouples, strain 
gauges, packaging, heating and control equipment. 



Mercotac, 

6195 Corte del Cedro 
Carlsbad, California 92009 
619 431 7723 • Fax 619 431 0905 
Internet: www.mercotac.com 


For More Information Write In No. 426 


THE WORLD'S SMALLEST 
4-WAY FIBERSCOPE 


► 

► 

► 

► 

► 

► 


ITI's 5mm, 4-way articulating Fiberscope 
gives you access to difficult environments 
never thought possible before. 


• One-handed operation allows equal 
dexterity with left-hand or right. 

• Teflon®-impregnated tungsten braid 
sleeve gives additional protection. 

• Sealed to permit underwater use. 



• Patented over-torque 
mechanism 
reduces accidental 
breakage of 
control wires. 

Learn about the 
scope everyone 
said wasn't 
possible. ITI-The 
Leader in Remote 
Viewing. 


INSTRUMENT _ 

TECHNOLOGY, INC. 


P.O. Box 381, Westfield, MA 01086-0381 
Tel: 41 3-562-3606 • 41 3-568-9809 



MSC/SupcrModel aerospace struc- 
ture assembly software from The 
MacNeal-Schwendler Corp., Los 
Angeles, CA, enables automatic as- 
sembly of airframe, launch vehicle, 
satellite, and engine models. It as- 
sembles submodels into a complete 
supermodel, and automates manage- 
ment of the component and assem- 
bly models. 

For More Information Write In No. 700 



Tanner Research, Pasadena, CA, has 
announced T-Spice Pro Version 4.0 
circuit simulation software for Win- 
dows 95 and NT for analog and 
mixed-signal IC applications. Fea- 
tures include the W-Edit Waveform 
Viewer that allows the user to view 
simulation results as they are gener- 
ated; expression plotting; a table- 
based simulator; and waveform 
smoothing. Pricing starts at $4,495. 
For More Information Write In No. 701 



AGX Corp., Metersoft Division, 
Culver City, CA, offers Metersoft for 
Windows version 3.0 process/indus- 
trial metering software for use with 
multiple meters, controllers, coun- 
ters, and other measuring devices 
with RS232C or RS485 serial inter- 
face for PC connection. Applications 
include temperature, pressure, and 
flow monitoring/logging and con- 
trol. Configuration, display, creation 
of virtual meters, and data logging 
functions are provided. A four 
channel DOS version costs $195; 4-, 
8-, 16-, and 32-channel Windows ver- 
sions cost $295, $395, $695, and 
$895, respectively. 

For More Information Write In No. 714 


Stat-Ease Corp., Minneapolis, MN, 
has released DESIGN-EXPERT* 5 sta- 
tistical design of experiments soft- 
ware for Windows, which enables 
users to optimize products, process- 
es, and systems. It offers a numerical 
optimization function that finds max- 
imum desirability for dozens of 
responses simultaneously, real-time 
rotatable 3D plots for visualizing 
response surfaces, and interactive 2D 
graphics that allow users to explore 
plot contours. The cost is $995. 

For More Information Write In No. 704 



SolidWorks 97 3D mechanical design 
software from SolidWorks Corp., 
Concord, MA, features more than 
175 custom-driven enhancements, 
including assembly and part model- 
ings, sheet metal design, more than 
65 new drafting and detailing capa- 
bilities, and Internet extensions. The 
Windows/NT program also features 
multi-thickness shelling, parting line 
drafts, and enhanced import/ export 
functions. It costs $3,995. 

For More Information Write In No. 705 



Version 6.2 of STRIM for Styling 
industrial design software from 
Matra Data vision, Andover, MA, cre- 
ates surfaces of any number of sides 
within multiple boundaries. The 
software offers real-time quality con- 
trol, dynamic reflection, dynamic 
scanning plane, and on- and off-line 
curvature map display. Other fea- 
tures include light reflection simula- 
tion, advanced sweeping functions, 
and direct sketching on scanned 
images. 

For More Information Write In No. 703 


SPSS, Chicago, IL, offers Neural 
Connection''' 2.0 neural network 
computing software for Windows 3.1 
or later. It features a Bayesian net- 
work; model parameters and weights 
that allow users to document results; 
and 17 data management, modeling, 
forecasting, and presentation tools. 
The cost is $995. 

For More Information Write In No. 702 
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Search-Light gage calibration and 
management software from Quality 
Measurement Systems, Macedon, 
NY, enables gage location, inventory, 
usage, and calibration history. The 
Windows program is available in two 
versions: System SL for 1 to 1,000 
gages; and System SLX for more 
than 1 ,000 gages. The software 
tracks information needed for ISO 
9000 compliance. 

For More Information Write In No. 709 



EPLAN/Wiechers & Partner, Brook- 
field, WI, has announced EPLAN 
21* control system design software, 
which includes features for auto- 
mating project tasks such as wire, 
device, and page numbering; cross 
referencing of devices and poten- 
tials; and generating system docu- 
mentation. The Windows-compatible 
CAE program is a 32-bit, object-ori- 
ented package. 

For Mora Information Write In No. 712 


Larson*Davis Laboratories, Provo, 
UT, offers RTA Technologies’ ENM 
Version 3.06 environmental noise 
prediction software, which calcu- 
lates the effects of distance, barri- 
ers, ground effects, wind, and tem- 
perature gradients on noise levels. 
The Windows 3.1/95 program fea- 
tures four data-entry and visualiza- 
tion modules, up to 1,000 sources 
and multiple receivers, auto batch- 
ing, and optional programs for spe- 
cial algorithms. 

For More Information Write In No. 710 



Emultek, Herndon, VA, has an- 
nounced Rapid 3.f> embedded sys- 
tems simulation software, which 
enables the creation of fully func- 
tional prototypes and simulations of 
embedded products and other in- 
teractive systems. Enhancements 
include User Defined Objects 
(UDOs) reusable building blocks 
for creating applications, and User 
Defined Functions (UDFs), clusters 
of activities and conditions grouped 
together to serve a specific function, 
and which can be combined with 
UDOs to create customized working 
models. The Windows 3.X/95/NT 
program costs $6,000. 

For More Information Write In No. 711 


ESPRIT/X version 9.1 CAM soft- 
ware from DP Technology, Cama- 
rillo, CA, enables 3D machining, 
advanced milling, and multiple-axis 
turning operations. The program 
runs on Windows NT, and HP and 
Sun platforms running under 
UNIX. It includes simultaneous 5- 
axis machining capabilities for 
multi-surface machining and Z-level 
machining capabilities for high- 
speed milling. 

For More Information Write In No. 713 


STONE ru/r* ATMGS composite 
tooling design software from 
Prescient Technologies, Boston, MA, 
creates autoclave tooling substruc- 
tures within native CAD environ- 
ments for automated manufacture 
of composite parts. It generates 
four-view drawings and bill of mate- 
rial data, calculates tool base planes, 
and incorporates company-config- 
urable design considerations in- 
cluding tool dimensions and CAD 
layering standards. The program 
operates within CATIA on UNIX 
workstations. 

For More Information Write In No. 706 



Parametric Technology Corp., W'al- 
tham, MA. has announced Release 
1.1 of PT/Products, a suite of design 
and manufacturing software that is 
compatible with Pro/ ENGINEER 
products for Windows NT and 95. 
Included are PT/Modeler"" 3D solid 
modeling system, PT/ImporTools^ 
for diagnosing and repairing import- 
ed surface data, PT/Render ", 
PT/ Library” with more than 34,500 
fasteners, PT/Mill" and PT/Tum"’ 
parts-building tools, and the PT/ 
Developer’s Toolkit ". 

For More Information Write In No. 707 


Heaterstat™ Sensorless 
Temperature Controller 



Low cost, compact Ducontroller operates on feedback 
from heating element — no sensor required! • Regulates 
up to 3 A at 4.5 to 60 VDC • Adjustable setpoint 
• Solid state design • Wire leads or circuit board mount 


Accurate temperature control with minimal space 
requirements & power consumption • LCD’s • Vehicular 
electronics • Medical devices • Miniature components: 
Crystals, inkjet printheads, lasers • Scientific apparatus 


MINCO PRODUCTS, INC. 

7300 Commerce Lane* Minneapolis, MN 55432-3177 U.S.A. 
Telephone: (612) 571-3121 • FAX: (612) 571-0927 


For More Information Write In No. 428 


c 

>NE PART SILVER 

1 

CONDUCTIVE 
iPOXV ADHESIVE 

Designed To Your Specifications 

MASTER BOND SUP10HT/S 


■ Hishest electrical 
conductivity - 

resistivity less than 
0.0001 ohm cm 

■ No mixins required 

■ Remarkable physical 
strensth properties 

■ Fast cure above 
250°F ■ Resists impact, 

vibration and shock 

■ Excellent thermal 

conductivity 

■ Outstandins water 
and chemical resis- 
tance ■ Convenient 

packasins 


Master Bond Inc 

Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 
Tel: (201) 343-8983 • Fax: (201) 343-2132 
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SEAL MASTER 

INFLATABLE SEALS 




Fabric 


Custom-built 
to solve 
your toughest 
sealing 
problem 


We have devel- 
oped and built over 
3,000 distinctly differ- 
ent types of seals to 
meet a wide range of size 
and configuration requirements for a diversity 
of applications. 

We’ll build a custom seal to solve your next 
closure problem. Call or write for design assistance. Illustrated 
literature is available. 


‘They’re 

Deucedly 

Clever" 


Bead 


Inner Tube 


Outer 

Skin 



368 MARTINEL DRIVE . KENT, OH 44240-4368 USA 
(330) 673-8410 . FAX (330) 673-8242 


For More Information Write In No. 430 



Shock & Vibration 
Damping. Up To 94% 


Sorbothane' patented visco- 
elastic material absorbs and 
dissipates unwanted energy 
and outperforms rubber and 
other materials by providing: 


• Shock Absorption 

• Vibration Isolation 


• Sound Damping 

• Standard Products 



Free brochure and 
prototype sample. 
330 . 678.9444 


• Castable Urethanes and Foams 


• Cost-Effective Custom Molding 


Sorbothane is the ultimate damping 
and isolation material 


Sorbothane Inc 


2144 State Route 59, Kent, Ohio 44240 • tel 330.678.9444 fax 330.678.1303 

www.sorbothane.com 


New Literature 


A 1 6-page catalog of miniature pneu- 
matics is available from CompAir 
Pneumatics, Kittery, ME. Featured 
are 2-, 3-, and 4-nay miniature valves, 
light-touch pushbuttons, pneumatic 
timers, two-hand anti-tie-down, pres- 
sure switches, pulse generators, and 
pnuematic logic. 

For More Information Write In No. 720 



The ProScan line of programmable, 
motorized microscope stages is high- 
lighted in a brochure from Prior 
Scientific, Rockland, MA. These 
stages are compatible with virtually 
all new and existing inverted and 
upright microscopy systems. 

For More Information Write In No. 721 



A four-page brochure from New 
England Electropolishing Co., Fall 
River, MA, features electropolished 
stainless steel parts, and describes 
how the electropolishing process 
removes burrs and improves the sur- 
face finish of parts without buffing or 
tumbling. 

For More Information Write In No. 722 


E.I.L. Instruments, Hunt Valley, MD, 
has released the Test 8c Measurement 
Handbook 8c Buyer s Guide, Vol. 9, 
featuring more than 450 pages of test 
and measurement equipment. In- 
cluded are electronic test equipment, 
power measurement equipment, cali- 
brators, testers, programmers, and 
telecommunications test equipment. 
For More Information Write In No. 723 



Emulation Technology, Santa Clara, 
CA, has released a 216-page catalog 
of interconnect adapters and acces- 
sories. Included are emulator tools, 
logic analyzer/scope adapters, pro- 
gramming adapters, production/ test 
adapters, debugging accessories, pro- 
totyping adapters, field-configurable 
adapters, and custom adapters. 

For More Information Write In No. 724 


A 32-page catalog of electronic 
switches from SSAC, Baldwinsville, 
NY, features time delay relays, encap- 
sulated timing modules, universal 
timers, alternating relays, three- 
phase voltage monitors, current sen- 
sors, liquid level controls, flashers, 
tower and obstruction lighting con- 
trols, and accessories. 

For More Information Write In No. 725 


Voltek, Division of Sekisui America 
Corp., Lawrence, MA, offers a 
brochure describing closed-cell poly- 
olefin foam. Data is provded for the 
Volara®, Volextra®, and Minicel® 
product groups. 

For More Information Write In No. 726 



INDUSTRIAL 

CLAMPING 

SYSTEMS 


THF AMFRtCAM CLAMP UNF 


A 70-page catalog from Lapeer 
Manufacturing Co., Lapeer, MI, fea- 
tures Knu-Vise clamps, including 
pneumatic, hydraulic, hand, and 
push and pull clamps; pliers and "C" 
clamps; and accessories. All parts are 
heat-treated. 

For More Information Write In No. 727 
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To Advertise — Call (212) 490-3999 


FiberSite* Fiber- 
Optic Level n _„ 
Switches 

Inlnnsicaily-safe because there’s no elec&» 
tricity at the probe Fiber optic cables 
connect with remote, compact 
controller (sold separately). 

Repeatability is ±0.5 mm 
in water. Polysulfone 
probes offer compati- 
bility in a broad 
range of liquids. 


Call toll-free: 

800 - 321-6070 


L065 



M 860 7473000 

fax 860 747 4244 


For More Information Write In No. 580 



FREE! 
130 
Page 
Catalog 

“Optics 
for 

Industry” 

Free 130 page product catalog from Rolyn, 
world s largest supplier of “Off-the-Shelf ’ optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Arrowgrand 
Circle, Covina. CA 91722-2199, (818)916- 5707, 
FAX (818)916-1379 

For More Information Write In No. 581 


Applied Science Laboratories 

175 Middlesex Tpk. Bedford, MA 01730 
tel: 617-275-4000 ASL©A-S-L.COm 


Eye Tracking, 


Pupil Size 


Easy to use 
Reliable 
Flexible 
Customized 






Space Station T-Shirt 

Colorful rendition of orbiting space 
station superimposed dramatically on 
back of black shirt; image of Earth on 
front left side. 100% cotton. 

Adult L or XL. Only U.S. S12.95 eachl 


For More Information Write In No. 582 




OFFICIAL NASA VECTOR CAPS 

Smiting red, white, and blue official NASA logo on quality 
white poplin cap. Only U.S. 59.95 each! Size-adjustable. 

Please send (insert quantity) NASA caps. 

Add shipping and handling charges: 

$5.00 per order (U.S.) 

Total enclosed (U-S. S only): 

Name 

Address 

City 

State 


Zip- 


Mail payment to: Associated Business Publications, 
Dept. F, 317 Madison Ave., New York, NY 
10017. For credit card orden call (212) 490-3999. 


NASA Tech Uriels. April 1997 


Space Coloring Book 

Fun and educational! Easy-to-under- 
stand descriptions of spacecraft and 
missions, with drawings for your 
young artist to color. 36 pp. 

S4.50 

Add $5.00 for postage. NY residents add 
sales tax to total. Mail payment 
(check/draft/postal/express order), U.S. 
$ payable to: Associated Business 
Publications to Associated Business 
Publications, Dept. F, 317 Madison Ave, 
New York, NY 10017, U.S.A. For credit card 
orders call 1-212-490-3999. 


w'vvw.nasa trch.com 


The Technology Connection 

To Advertise Call (800) 944-NASA 
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ISCANT 

EYE & HEAD SLAVED 
POINTING SYSTEMS 

Real-time eye & head move- 
ment monitoring systems for 
advanced man/machine inter- 
face. Applications include 
workstation control, simula- 
tion/training, human factors 
& target designation. 



ISCAN, Inc. 

89 Cambridge Street 
Burlington, MA 01803 USA 


Web: www.iscaninc.com 
Email: info@iscaninc.com 
Tel: 617-273-4455 
Fax:617-273-0076 


For More Information Write In No. 432 






Company 


Web Site 


Write in 

Number Page 


Abans Training Resources, Inc ....www.abaris.com 542 76 

ABB K-Flowr 353 77 

ADAC, American Data 

Acquisition Corporation www.adac.com 415 66 

Advanced Pressure Products www.pmiapp.com 350,354 77 

Aerospace Optics Inc 565 .57 

Airforce Technology Connection 419 70 


Atacron 

Algor, Inc 

...www.aiacron.com 

...www.algor.com 



532355 — , 

3/ 

7,77 

AMP Incorporated 

...www.amp.com 

623 

43 

Analytical Graphics 

...www.stk.com — .— 

652 

31 

APD 

. . .www.algor.com 

356357 

77 

API Harowe Inc 


349 

77 

Applied Science Laboratories .. 


582 

87 

ASM International 


372 

78 

Astro-Med, Inc 

...www.astro-med.com . 

670 

COV III 

Autodesk AutoCAD LT 

...www.autodesk.com ... 


29 

Automated Precision, Inc 


301 

13a 

Bays tale Technologies 

...www.cadkey.com 

656 

2 

Belt Technologies, Inc 


352 

77 


Bentley Systems ......www.bentley.com 650 

W.M. Berg ...» www.wmberg.com 361 

Breault Research 

Organization. Inc ..... www.breault.com 303 


35 

78 


..13a 


BVQI 

Carr Lane Manufacturing Co. 

— 

....570 

....374 

51 

79 

Cole-Parmer Instrument 
Company 

www.coleparmer.com 

...604 

...32A-B.33 

Communications 
Specialties, Inc 

www.comspecial.com 

....418 

69 

Corel Inc 

www.corel.com 

....680 

25 

Cybernetics 


...562 

19 

Data Translation 

www.datx.com 

....575 

13 

De-Sta-Co 

www.destaco.com 

....364 

78 

Digi-Key Corporation 

www.digikey.com 

....640 

5 

Digital Equipment 
Corporation 

.... www. workstation .digital.com 

-.610 

23 

Dolch Computer Systems .. 

www.dolch.com 

... 403 

22 

DuPont Dow Elastomers 


....378 

79 

Eastman Kodak Company 

www.masdkodak.com 

....608 

39 

Edmund Scientific 


....456366 

10a,78 

Entran Devices, Inc 

www.entran.com 

-.377 

79 


Envoy Data Corporation .. .www.envoydata.com 371 .—..78 


Epix Incorporated 

ESCO Precision Optics 

....www.epixinc.com./epix 

413 

459 

63 

11a 

EXAIR Corporation 

....www.exair.com 

346,348,365 .. 

76,78 

Exciton Inc..— . 


300 

13a 

EXFO 


304 

13a 

Festo Corporation 


369 


Folsom Research 

....wwwJolsom.com ....... 

402 

20 

Gage Applied Sciences 




(U.S.) Inc 

...www.gage-applied.com — 

411 

58 

Gems Sensors 


580 

87 

General Magnaplate Corp 

. ...www.magnaplate.com 

367 

78 

Gcotest, Inc 


389 

80 

Globe Electronic Hardware .... 

... www.globeelec-hdwe.com . 

368 

78 

HAL Computer Systems, Inc... 

...www.hal.com 

527 

9 


Hewlett-Packard Company. 

Technical Computing Systems ....www.hp.com/go/technical 14-15 

Hewlett-Packard Company, 


tMU 

Hiram Jones Electronics, Inc. 

www np com/ into /ejoaza .... 

. . . 002 . 

...359 

4/ 

77 

Hitachi Denshi, Ltd. 


...422 

73 

Instrument Technology, Inc... 

Inrerfare 

. . .. www.i n terfaceforce com 

....427 

....433 

.. M 

61 

Intergraph Corporation www.intergraph.com/solidedge .. 

InirrnarinnsI liahr WWW. ill tHitfht.com/ 

... 630 

... 302 

21 

13a 

1 Otech, Inc 

....www.iotech.com .... 

...320-334 

64A-B 

Iscan, Inc - 

....www.iscaninc.com 

....432 

87 


Company 

Web Site 

Write in 
Number 

Page 

Keithlev Instruments, Inc 

www.keithlev.com 

383 

79 

Keithlev MetraByte 

www.keithlev.com 

375 

79 

Keithlev MetraBvte 

www.metrabvte.com 

620 

11 

Kidasa Software, Inc 

www.kidasa.com T 

408 

—53 

Kontron Elcktronik 

www.kontron.com 

-....409 

53 

Las iris Inc 

www.lasiris.com 

454 

7a 

Lattice 


458 

11a 

M/cad Expo 97 

www.mcadexpo.com 

.-...423 

75 

Master Bond Inc 


429 

85 

The MathWorks, Inc 

www.mathworks.com/NTB 

660 

16A-B, 17 

Media Cybernetics ... 

Melcor 

www.mediacy.com 

404 

34 

www.melcor.com 

453 

6a 

Mercotac Inc 

www.mercotac.com 

426 

.84 

Merlin Engineering Works .... 
Metal Powder Industries 
Federation 

www.mpif.org 

440 

370 

36 

78 

Microway 

www.microway.com 

643 

41 

Minalex 


340 

76 

Minco Products, Inc 


428 

- 85 

Mitsui Toatsu Chemicals, Inc. 
Morgan Matroc Inc 


380 

79 


347 

76 

Nanonics Corporation 

NASA Technology Today 

www.nanonics.com/catalog/ ....424 

82 

83 


National Instruments 

Corporation -.www.natinsLcom 600.401 344.345....COV 0,16,76 

National Photocolor.....—. — — .... — — 460 12a 

New Wave Research — 455 8a 

North American Capacitor 

Company — — — —541 76 

Omega Engineering Inc www.omega.com 614-619,384,385 1,79,80 

Omega Shielding 


Products Inc 

Optima Precision Inc 

....www.omegashielding.com 

....www.optima-prec.com — 

...373 

...452 

79 

5a 

Parametric Technology 
Corporation — 


..625 

48A-D 

Parker Hannifin Corporation, 
Compumotor Division 


.360 

77 

Porous Materials, Inc 

....www.pmiapp.com 

.351 

77 

Power Technolog)' 
Incorporated 

....www.PowerTechnology.com ... 

...410 .. 

54 

Presray Corporation 


.406 

- 48 

Research Systems, Inc 

....www.rsinc.com 

...515 

...COV IV 

RGB Spectrum 

.... www.rgb.com 

...400 

10 

Rifocs Corporation 

...www.rifocs.com 

...416 

67 


.87 


Rolyn Optics Co 581 

David Sarnoff Research 

Center — .— www.sarnoff.com 510 

Scanivalve Corp 376 

SCIOPT Enterprises 450 

Seal Master Corporation — 430 86 

Seastrom Manufacturing 

Co. Inc 362 78 

GA Seer www.gaseer.com/DFM.html 407 52 


27 

79 

COV Ila 


Smalley Steel Ring Co 

So lid Works Corporation .... 

www.ring5pring.com 

www.solidworks.com 

...387 

...690 

80 

4 

Sorbothane Inc 

www.sorbothane.com 

...431,343 

86.76 

Spaulding Composites Co. 
Specialized Products Go 


-.425 ... 

82 


....382 

79 

SPIE 

www.spie.org — — .... 

....451 

. . 4a 

StacoSwitch 


....388 

80 

Stahl 


....412 

59 

Strainsert 


-.386 

80 

Techno-isel 

www.techno-isel.com 

... 379 

79 

Teclab 

www.teclab-bench.com 

-.358 . 

. ... 77 

TestEquity Inc 


-.548 

3 


Transducer Techniques, Inc www.nloadcells.com 381 — 79 


Kaman Instrumentation www.kamansensors.com/kaman 414 —..65 


Vrlmex, Inc. 457 

Voltek, Division of Sekisui 

America Corporation .. .. 417 

Western Graphtec, Inc. ... .. — 405 


10a 


67 

45 


88 
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The World 
Standard 

in Real-Time 
Data Recorders. 


In the world of real time data recording, 
there is no room for compromise because the 
incoming data is priceless. Decisions need to 
be made instantaneously as the recording 
takes place -in real time. Engineers doing 
aerospace telemetry, automotive testing, 
electrical power transmission or telecommuni- 
cations analysis, have made the Astro-Med 
MT95K2 the world standard because of its 
recording power and reliability. 

For detailed information and engineering 
specifications call, fax, or E-mail 
Astro-Med today. 


■ No Delay... see full traces on monitor 
while recording 

■ On-Board Data Analysis as well as by host 
program 

li Patented Twin Printhead Design... 300 dpi 
laser printer resolution for clear, crisp traces 

■ On-Board Signal Conditioning for voltage, 
temperature, pressure and strain recording 

■ Front Panel Floppy Drive for personal 
chart and system setups 

I Data Capture... store up to 32 megabytes in 
RAM; 1 gigabyte to internal hard drive; 
stream to external 2 gigabyte drive via SCSI; 
archive to DAT or floppy drive 

■ 8 to 32 Waveform Channels... plus 32 
events; DC to 20 kHz; chart speeds to 500 
mm/sec 

■ Record digital data via ethemet, SCSI, 
GP1B, or parallel interfaces 


Astro-Med Inc. 

Astro-Med Industrial Park, West Warwick, 

Rhode Island 02893 • Telephone: (401) 828-4000 
Toll Free: 800-343-4039 • Fax: (401) 822-2430 
E-mail: astro-med@astro-med.com 
Web Site: http://www.istro-med.com 
Astro-Med is System Certified to ISO 9001 

Sales and Service Centers throughout the VS, Canada 
and Europe. Dealers located throughout the world. 
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Create Revolutionary Results. Fast 



Visualize your data with 

IDL software’s array-oriented 

IDL#, the Interactive Data 

architecture is designed for 

Language , and see results in a 

high-performance processing 

whole new way. 

of large, complex data. That’s 
why it’s the standard in the 

Easily create amazing graph- 

world’s preeminent medical, 

ics with IDL software’s 

military, engineering & sci- 

accelerated 3D system. Want 

ence organizations. IDL is so 

to spin or fly-through a 

efficient that a few lines of 

surface? No problem. Shade 

IDL can do the job of hun- 

and illuminate with multiple 

dreds of lines of C or Fortran. 

light sources? 

And, its object-oriented 
system lets you develop 
sophisticated applications 


from reusable code modules. 


Image processed in IDL software and 
courtesy of NASA and ST Scl. 


Analyze data faster. Create 
simulations easier. Write 
better applications. 


Read in, analyze and output 
your data with the click of a 
mouse with IDL Insight*. 


Connect to your relational database with the IDL DataMiner . 


Automatically share your programs - with full 
graphical interfaces - among Windows, Unix and 
Macintosh systems. Check out our flexible license 
options - we ll help you protect your intellectual prop- 
erty and economically distribute your applications. 


Create maps in any of 16 projections. 


Crunch numbers with IDL’s 
integrated mathematics, 
statistics and industry-standard 
Numerical Recipes ' algorithms. 


new release 


::: IDL 5.0 


For More Information Write In No.515 



Stop waiting for your results. Call us for a free Demo CD or visit our websUefandirioi'^fi 

Research Systems 303-786-9900 info@rsinc.com Software = Vision 


Austria. Germany. Liechtenstein Luxembourg Switzerland The 
France. Belgium ~ 


Mb CREASO GmbH tel 49 8105 25055 • Brazil SulSott tel 55 51 337 38 91 • Otaa, 

Fart P araBel SohAtons Ftanoe tel 33 1 41 73 20 00 • Briy Alhant Computer Systems SRL tef 3939 8091 766 • Japan Adam Net _ 

Spain f sltidio Atlas tel 34 45 298 080 • Taiwan Concentrate Corporation tel 886 2 883 7752 • United Kingdom Floating Point Systenre UK Ltd 


: • China Hong Kong 3-L-nk Systems Rte Ltd tet 
Ltd tel 81 35802 2251 • Korea fnimSys tat 82 
>omt Syslems UK Ud. lei 44 1 18 977 6333 


86106 261 0161 
8242 869 4746 


SOFTWARE 





